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LETTER 

SKCRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 


The  Annmil  Report  of  the  Bmird  of  Reffetiis  of  the  Institution  frr 
the  y^r  etttliixj  June  iiO,  1901. 


Smithsonian  iNSTiTmoN, 
Wmhiwjtmi,  D.  C,  Januiiry  JO,  1902. 
To  the  Congrexn  of  the  United  States: 

In  accordance  with  section  55!t3  of  the  Revised  Statutes  of  the 
United  States,  I  have  the  honor,  in  behalf  of  the  Board  of  Iti^gents,  to 
submit  to  Congress  the  Annual  Koport  of  the  operations,  expenditures, 
and  condition  of  the  Smithsonian  Institution  for  the  year  ending  June 
30,  1901. 

I  have  the  honor  to  lie,  very  respectfully,  your  obedient  serviuit, 
S.  P.  Lavulkv, 
SeiTetiiry  "f  thi!  SmitiiKOiiian  liistifiitinu. 
Hon.  William  P.  Fryb, 

I^-e^ith'nt  jirti  teinjHrrv  of  the  Senate. 
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2.  Report  of  the  executive  committee,  exhibiting;  the  tinanciul  atTaira 
of  the  Institution,  inchiding  a  Mtat^'nient  of  the  SinitbsoD  fund,  and 
receipts  and  expenditures  for  the  year  ending  June  30,  1901, 

3.  Annual  reijort  of  the  Secretary,  giving  an  account  of  the  opera- 
tions and  condition  of  the  Institution  for  the  year  ending  June  30, 
1901,  with  statistics  of  exchange-s,  etc. 

4.  General  appendix,  comprising  a  selection  of  mis<relhvncous  mem- 
oirs uf  interest  to  collaborators  and  correspondents  of  the  Institution, 
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memoirs  i-elate  chiefly  to  the  calendar  year  1901. 
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XrV  PROCEKDINQS   OF   THE    BOARD   OF    REGENTS. 

The  term  of  Dr.  Andrt'w  D,  White  hiivinjr  expired,  be  was  reap- 
pointed to  succeed  him.self  by  a  joint  icsoliition  of  Coiipress  Hppi-oved 
June  2,  1900. 

The  vacancy  in  the  Board,  caused  by  (he  death  of  Pr.  AVilliam  L. 
Wilson,  has  been  filled  by  the  appointment  of  the  Hon.  George  Gray, 
through  a  joint  resolution  approved  January  14,  iJHfl. 

The  Secretary  read  a,  letter  of  acceptance  from  Dr.  Andrew  D. 
White,  at  present  United  States  amlmssador  to  Germany. 

The  Secretary  presented  his  anninil  rejiort  to  Juno  30,  IStiiO,  calling 
the  attention  of  the  Regents  to  the  fa<-t  that  it  contained  an  account 
of  every  important  part  of  the  affairs  of  tlie  Smithsonian  InRtitution 
during  the  past  year  prepared  by  hunself,  but  supplemented  by  full 
reports  from  the  gentlemen  in  charge  of  the  various  burmu?*.  He 
would  particularly  call  their  attention,  among  numerous  matters  in  the 
rcixjrt,  to  the  subject  of  the  Exchanges.  Ho  then  detailed  the  facts 
of  the  applicntions  of  the  Institution  through  our  amlKissadors  st 
LfOndon,  Paris,  and  Berlin,  in  the  interests  of  the  Government, 

The  Secretary  spoke  aWut  the  Zo<)!ogical  Park  and  the  desirability  - 
that  the  Government  would  place  in  that  city  of  refuge  for  the  van- 
ishing animal  races  of  the  North  American  continent  some  specimens 
of  the  giant  animals  of  Alaska,  which  were  now  going  the  way  that 
the  buffalo  had  gone.  He  then  asked  the  attention  of  the  Ke;ieiits  to 
a  subject  of  minor  importance,  hut  of  some  interest,  alluded  to  in  the 
report  under  the  title  of  the  Children's  Koom. 

On  motion,  the  report  was  accepted. 

Mr.  Hitt  here  said  that  he  desired  to  bring  befoi-c  the  Board  the 
knowledge  of  certain  proceedings  which  had  taken  place  at  the  Univer- 
sity of  Cambridge  in  England  when  the  Secretary  had  received  the 
honorary  degree  of  doctor  of  science.  This  had  l>een  conferred  in  con- 
nection with  an  oration  in  Latin  delivered  by  the  public  orator,  and 
which  Mr,  Henderson,  whom  they  knew  to  be  a  sclnilar  who  loved  the 
tasks  of  scholarship,  had  translated  into  such  English  as  Honice  would 
have  used  if  he  had  to  speak  in  that  tongue.  Mr.  Henderson  had 
sent  him  a  copy  of  this,  and  he  now  presented  it  to  the  Board  with  a 
request  that  it  be  placed  upon  the  miimtcs.  Mr.  Hitt  then  ivad  the 
following  translation! 

From  acroHJt  the  Atlantic  there  has  very  recently  been  borne  to  us  a  man  distin- 
guiehed  in  the  world  of  science — one  who  but  lately  hait  jmliiiwhed  a  nttot  interest- 
ing and  iiNefiil  work  on  astronomy.  In  tbe  city  wliich  ie  tlie  caiiitul  of  tlie  frreatert 
transmarine  republic  many  important  duties  are  comtiiilted  to  hii>  farv:  Firnt,  th« 
supervision  of  a  great  iiiurieLim  aliiniuntly  filled  with  olijectc  of  nuhiriil  history; 
next,  the  adminixtration  of  an  inr'litulion  the  nioi;t  n-lpl>rale<l  for  Ihe  iucr<>ast  and 
(lifiusion  of  know  lei  Ip.'  ainontt  men;  and,  lastly,  the  eoiilrol  of  an  olwi'ivalory  with 
instrumeutH  designed  for  tlie  imtpo  e  of  ditwctinK  and  analy/iu(t  the  li^ht  iit  the 
stare.  It  is  said  that  below  the  nd  myi<  of  Ihe  H|M'c(ruiii  there  aiv  other  rays,  uiide- 
tecle<l  by  the  shari>pst  vision,  but  whieh,  through  the  p'nins  of  this  man,  aided  by 
ati  instrument  ri/soovered  by  him  and  named  a  "bolometer,"  have  been  gradually 
ileveloped  and  Qinde  plainly  visible.  r 
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No  one  will  wonder  that  a  man  thu£  toad  of  commaning  with  the  MAre  should  alao 
be  moved  by  a  great  desire  to  tly  (ram  earth,  so  great  indeed  that,  as  if  by  wii^ 
attached,  he  has  actually  been  enabled  to  imitate  the  flight  of  birds  for  a  disUnce 
exceeding  3,000  feet  Not  fearing,  perhaps,  the  fate  of  Icarus,  he  may  yet  be  able 
himself  to  make  good  the  vit^ioii  of  Horace,  the  poet: 

"On  strong  but  unaccustomed  wings  I  fly. 
And  soar  as  bird  and  man  through  liquid  sky," 
Perhaps,  impatient  of  this  world's  affaire  and  longing  for  celestial  ones,  he  may 
well  be  emboldenetl  to  fly  from  earth  and  take  his  place  among  the  stars. 
I  present  to  you  Samuel  Kerpont  Langley. 

On  motion,  the  Latin  addresr^  of  the  public  orator  and  the  translation 
of  Mr.  HenderaoD  were  directed  to  be  placed  upon  the  records. 

Cambridge,  Oetoba- 11,  1900. 

The  following  \a  the  speech  delivered  by  the  public  orator  in  pre- 
senting Mr.  Samuel  Pierpont  Langley  for  the  degree  of  doctor  in 
science  honoris  caimi: 

Trans  aequor  Atlantii'um  ad  noe  nuper  advectus  eet  vir  scientjanim  in  provinciu 
insigniH,  qui  etiam  de  aslronomia  recenliore  librum  pulcherrimum  conscripsit.  In 
nrbe  quod  reipublicae  iiiaximae  transmarinae  caput  est,  viri  buiuece  curae  niulta 
mandata  sunt;  primum  muKeuui  maximum  rerum  naturae  spoliis  quam  plurimis 
omatum;  deinde  institutum  celeberrimum  scientiae  et  augendae  et  divnlgandae  dee- 
tinatum;  deniquearx  et  specula  quaedam  slellarum  liimini  in  partes  suasdistribueado 
dedicata.  Luminis  in  spectro,  ut  aiunt  infra  radios  rubros  radii  alii  qui  oculorum 
aciem  proreus  effugiant,  viri  huiusce  ingenio,  ini'trumenti  novi  auxilio  quod 
fioXofierpov  nominavit,  paulatim  proditi  et  patefacti  sunt.  Nemo  mirabitur  virum 
stetlarum  observandarum  amore  lanto  affectum,  etiam  e  terra  volandi  deeiderio 
ingenti  ease  commotum,  adeo  ut,  quasi  alis  novis  adhibitis,  plus  quom  trtum  milium 
pedum  per  spatium,  etiam  avium  volatum  aemulari  potueriL  Fortasse  aliquaodo, 
lean  eortem  non  ver'tus,  etiam  Horati  praesagia  ilia  sibi  ipsi  vendicabit. 
"non  usitata  ncc  tenui  ferar 
pcnna  biformia  per  liquidum  aethera." 

Fortasse  rerum  terrestrium  impaliens,  rerum  caelcstium  avidua,  ausus  erit  e  terris 
"volare  siderifl  in  numerum,  atque  alto  Buccedere  caelo." 

Duco  ad  vos  Samuelcm  Pierpont  Ijingley. 

In  the  absence  of  Mr.  Henderson  Mr,  Bell  presented  the  report  of  the 
Executive  Comraittee  to  June  3*f,  1900,  which,  on  motion,  was  adopted. 

The  Chancellor  stated  that  a  vacancy  existed  in  the  Executive  Com- 
mittee, caused  by  the  death  of  Dr.  Wilson. 

Senator  Piatt  then  offered  the  following  resolution: 

Bftobed,  That  the  vacancy  in  the  Executive  Committee  caused  by  the  death  of 
Dr.  William  Lyne  Wilson  be  filled  by  the  election  of  the  Hon.  R.  R.  Hitt 

On  motion  the  resolution  was  adopted. 

Mr.  Bell  then  offered  the  following  customary  resolution  relative  to 
income  and  expenditure: 

Saolvfd,  That  the  income  of  the  Institufion  for  the  fiscal  yearending  June  30, 1902, 
be  appropriated  for  the  service  of  the  Institution,  to  be  expended  by  the  Secretary, 
with  the  advice  of  the  Executive  Committee,  with  full  discretion  on  the  part  of  the 
Secretary  as  to  items. 

On  motion  the  resolution  was  adopted.  i^' 
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REI-OBT   OF  THE   PBRM4NENT   COMMITTEE. 

In  the  ab8eni«  of  Mr.  Henderson,  Chairman  of  the  Permanent  Com- 
mittee, the  Sei-retary  made  the  following  statement: 

The  Ilodgkiim  ^m«</,— The  Hodgkin;^  Fund  now  amounted  to  about 
$250,000,  *ao8.()00  of  which  was  deposited  in  the  general  funds,  the 
remainder  licing  held  in  tirst-elajss  txinds.  Alwut  $10,000  more  was 
held  in  New  York  to  meet  possible  litigation,  but  the  indieations  were 
that  the  Institution  would  receive  this  also.  There  were  also  two 
houses  of  small  value  which  would  prolmbly  net  the  fund  about  $1,600. 

Th<'  Avi-ry  Fund. — Thiw,  as  well  a«  other  matters  of  the  kind,  were 
being  looked  after  by  fhe  attorney  of  the  Institution,  Mr.  F.  W. 
Haekett,  who  reports  satLsfaetory  progress.  As  to  the  value  of  this 
Avery  estate,  the  Secretary  had  requested  an  approximate  valuation 
from  Mr,  Fox,  the  real-estate  agent  who  had  charge  of  the  property, 
and  who  stated  the  same  at  about  $26,000.  Mr.  Fox  had  w  rittcn  that  if 
the  United  States  Supreme  Court  Building  were  placed  directly  north 
of  the  Congressional  Library  the  value  of  part  of  the  propei'ty  would 
be  greatly  increased.  This  property,  most  of  which  was  idle,  waa 
yielding  an  income  of  something  like  $500  a  year. 

Tfm  Andretm  BKipumt. — This  matter  had  been  laid  before  the  Board  at 
its  last  meeting,  and  Mr.  Ilackett  has  reported  that  the  estate  would 
probably  amount  to  something  like  a  million  of  doliurs.  Ko  active 
steps  as  yet  had  been  taken  in  Ohio  looking  to  an  application  of  tins 
money  for  the  establishment  of  an  institution  for  the  free  education  of 
girls.  It  was  by  no  means  certain  that  the  elaborate  .system  formulated 
in  the  will  was  capable  of  being  put  into  successful  operation.  The 
Secretary  here  quoted  from  Mr.  Hackett's  report: 

It  may  Ik  neiilful  befon.'  lon^  hi  institute  a.  frii^udly  t<uit  in  New  York  b>  awertain 
under  thi;  laws  whetlier  the  legacy  l)c  a  valid  one  tn  the  Ohio  i-orpurstjon,  or  mther 
to  the  oorpiinition  that  the  will  wayH  Hlmll  Iw  civatMl  in  Ohio.  I  nliaH  malit'  tliiH  (lie 
suliject  ■>[  a  Hejiarate  letti'r  to  you  in  a  few  ilayH.  Meanwhile,  a»  a  ri'iHirt  tci  the 
Regents  of  thu  jin^reHs  niakin);  in  this  biiHiiier^  1  will  My  that  I  am  KivinK  more  or 
\vi^  attention  from  time  to  time  to  the  will  and  itn  legal  i>H]H-«tt<,  and  alsii  am  in  touch 
with  the  ivnintwl  for  the  executor, 

Tlu-  Spnnj»v  /if/iUKt. — The  Secretary  now  stated  that  he  had  the 
agreeable  duty  of  bringing  b(^f(u-e  the  Regents  the  f^ict  of  another 
legacy  to  the  Institution  by  Mr.  Jos<^ph  White  Spnigue,  whose  last 
plaL-e  of  nwidence  was  in  the  city  of  Louisville,  Ky.,  but  who  died  in 
Itfl'y  in  June,  1900.  Under  the  provisions  of  his  will,  which  had  been 
offered  f(ir  probate,  certain  personal  effects  weo',  bequeathed  to  rela- 
tives, and  all  the  remainder  of  his  estate,  both  real  and  personal,  to  bis 
nephew,  Seth  Spraguc  Terry,  in  trust  to  convert  the  pereoiialty  into 
money  and  distribute  813  per  cent  of  the  profits  of  the  entire  estate 
among  certain  devisees  named  in  the  will,  and  their  relatives,  until 
twenty  yours  after  the  death  of  the  last  of  said  devisees,  when  the  trust 


PBO0EEDIKG8   OF  THK   BOARD   OF   REGEBT8.  XVn 

expired  bj'  limitation  and  allassets  in  the  h&nd^of  the  trustee  were  to  be 
iMjnveypd  to  the  United  States  of  Amerii-ato  l>c  held  as  a  portion  of  the 
fundfl  of  the  Smithijonian  Institution,  and  to  Ire  known  as  thc"Sprague 
Fund,"  One-half  of  the  income  of  thw  fund  wbh  to  \k  added  to  the 
principal  each  year;  the  other  half  to  be  expended  under  the  direction 
of  the  Institution,  in  such  manner  hh  would  'Micst  promote  the  advanee- 
nient  of  the  physical  sciences"  by  the  giving  of  free  lecturew,  provid- 
ing la))oratory  fat^ilities  for  original  si^entilic  I'esearch,  pultlishingthe 
i-esultw  of  such  researches,  or  by  awarding  medals  oi'  other  rewards 
for  meritorious  distoveries.  The  half  of  the  gross  income  authorized 
to  be  expended  annually  in  ibi»  manner  was  to  be  cumulative,  and  any 
portion  not  expended  during  one  year  might  lie  expended  during  any 
subsequent  year. 

The  Secretary  continued  that  it  had  not  yet  lieen  possible  to  obtain 
an  inventory  of  the  value  of  the  estate,  but  he  might  mention  that  in 
a  newspajwr  estimate  it  was  represented  at  $:i(M),0<W. 

TWO-IIUNUEEDTH    ANNlVERJjARr  Oil'   THE   ROYAI,    I'EfSSIAN   ACADEMY  OP 
SCIENCES. 

The  Royal  Prussian  Academy  of  Sciences  having  invited  the  Smith- 
sonian Institution  to  participate  in  the  celebration  of  the  two-hundredth 
anniversary  of  its  foundation,  on  the  litth  and  20th  of  March,  1900, 
the  Hon.  Andrew  D.  White,  United  States  Amlrassador  at  Berlin,  and 
member  of  the  Board  of  Regents,  was  requested  to  represent  the  Insti- 
tution on  this  noteworthy  occasion.  A  suitably  engrossed  address, 
conveying  the  congratulations  of  the  Institution,  and  transmitted 
through  the  Department  of  State  to  Dr.  White,  was  presented  by  him 
to  the  Prussian  Academy  and  cordially  acknowledged  in  terms  of  which 
the  following  is  a  summary: 

The  Royal  PrtiKBiao  A<'aileniy  expreaeee  the  most  sincere  thanks  for  the  interest 
the  SmitheoDian  Institution  lias  taken  in  the  <^lebmtion  of  its  two-hundredth  onni- 
versary.  The  exprei«ton  of  thia  friendly  intcrwt  has  added  greatly  to  the  success 
and  pleasure  of  theiw  commemorative  exercises  throughout  their  entire  coiufie. 

For  a  lasting  iiieiuoria.1  of  this  anniversary  the  Academy  sends  a  description  of  the 
feetival,  which  it  begs  the  Institution  to  place  in  its  an^hivee.  Tiiis  record  will 
derive  its  chief  valut.'  froTii  llio  addreHsen  and  memorials  attached  to  it. 

An  interesting  h'tter  from  Dr.  White  was  laid  before  the  Regents. 
It  described  the  cxereises  as  having  Ih^cii  of  an  exceptional  interest. 
They  took  pliwe  in  the  Royal  Palace,  where  the  King  and  Emperor 
received  the  entire  Ixtdy  of  guests  in  state,  surrounded  t>y  the  high 
functionaries  of  the  Kingdom  iH'anng  the  lioyal  insignia,  while  the 
monarch  from  the  throne  <lelivcred  a  v<'ry  interesting  address  of  wel- 
come. Later  there  were  entertainments  in  honor  of  the  delegates  not 
oniy  by  the  King,  but  by  the  Chancellor  of  the  Kmpire  and  others. 
On  the  second  day  occurred  a  general  reception  in  the  great  hall  of 
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the  Prussian  legislature,  which  was  also  very  imprfsMive.  The  whole 
occasion  was  moat  interesting  and  everything  was  most  admirably  done. 
The  Secretary  added  that  Dr.  White  had  further  said  in  conversatJon 
that  in  all  his  experience  as  a  minister  to  European  courts  he  had  never 
seen  so  imposing  a  display  of  ceremonial  magnificence. 

MK.    bull's   KESOLUTION. 

Under  the  head  of  unfinished  business  the  <.'hancc11or  called  up  iha 
resolution  offered  at  the  last  meeting  by  Mr.  Bell. 

Mr.  Bell  said  that  he  thought  the  Institution  could  not  afford  to 
remain  silent  on  the  subject  of  the  great  questions  aroused  by  the 
National  University  project,  and  that  some  expression  of  the  good  will 
of  the  Institution  at  least  might  well  l>e  given.  Ho,  thei-efore,  desired 
to  withdraw  the  resolution  offered  last  year  and  to  substitute  for  it  the 
following,  which  was  satisfactory  to  the  Exe<'utive  Committee; 

In  orrter  to  facilitate  the  utjiizatiou  of  the  Government  Degiartments  tor  the  pur- 
poses of  reaearcb — in  extension  of  tho  policy  enunciated  by  ConKrefw  in  the  joint 
re8")lution  approved  April  12,  1892: 

Jieiob^d,  That  it  is  thc^  sent^eof  the  Koant  that  it  is  rletiirable  that  Coiigreas  extend 
thix  resolution  §o  as  to  afford  facilities  for  Htiidy  to  all  pTi>))erly  qualilied  students  or 
gradualt^  of  univerNitieti,  other  than  those  mentioncil  in  the  renolution,  and  provide 
for  the  ajipointnicnt  of  an  officer  who)>e  duty  it  shall  be  to  ascertain  ami  make 
known  what  facilities  for  research  exist  in  the  (iovemment  l>epartment8,  and 
arrange  with  the  heads  of  the  t>e[)artnients,  and  with  the  officers  in  charge  of  tiov- 
emment  collections,  on  terms  satisfactory  to  them,  rules  and  t-einilations  under 
which  suitably  <|iialiBe<i  i)erHoni'  tnay  have  awesM  to  these  ci>lIcction8  for  the  purpose 
of  research  with  due  reganl  to  the  needs  and  reQuirements  of  the  work  of  the  Gov- 
ernment; and  that  it  shall  also  ^^e  his  duty  to  direct,  in  a  njanner  satisfactory  to  the 
heads  of  such  Departments  and  oHicerx  in  chaiye,  the  researches  of  such  persona 
into  lines  which  will  promote  the  interests  of  the  Government  and  the  development 
of  the  natural  rewmrces,  agriculture,  manufactures,  and  ciimmerce  of  the  country, 
and  (generally)  promote  the  jirogress  of  science  and  the  useful  arta,  and  the  increase 
and  diffusion  of  knowledge  among  men. 

After  some  discussion  by  the  Regents,  on  motion  the  resolution  was 
adopted. 

REMOVAL    OK   SMITHSON'S   REMAINS. 

The  Secretary  stat«>d  that  he  had  re<reived  the  following  letter: 

Ci'cii.Mi,  ii4  Soreinhr,  liiOi). 

SAHCEI,   PlKHWlNT   I.ANOLEV,    Es.|.,  LL.  1).,  D.  C.  L., 

SiniWuton.oit  Institution,  WaMiigfoii. 


■e  of  the  British  Itiirial  (iround  of  Genoa  (of  which,  as 
you  are  aware.  Her  Slajesty's  consul  ischwrman),  fully  realizing  how  keenly  you  are 
intercstedinall  that  concerns  the  resting  place  of  the  resiiect«il  Founder  of  your  Insti- 
tution, has  depute!  me  to  writu  to  you  and  lay  liefore  you  the  preneut  position  of  onr 
ecnietery. 

It  will  lie  in  your  recollection  that  when  I  aci^ompanied  you  some  years  a(to  up  to 
tlie  heijfhif  of  San  Benigno  you  were  struck  by  the  enonuous  ijuarry  wliich  was 
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elowly  iHit  surely  eating  its  way  towanl  u«  fnirn  the  sea  tlinmjili  the  nicky  side  cif 
the  hill  on  whioh  we  8tau<l,  and  the  excavation  has  lattily  come  so  clow  to  lis  that 
the  intervention  of  the  i^onMul  bei'aniu  net'essary  to  arrwt  fnrthii-r  advance,  on  the 
plea  that  our  properly  would  be  eudanj^reil  if  the  i]iiarr)-in|t  were  carried  on. 

Actual  blaetitig  ixan  iu  fact  bci-n  ]nit  an  cml  to  for  the-  jirewtit,  and  the  cemetery 
(altliouKh  the  Ixiundary  wall  in  now  on  the  very  eiljre  of  the  fX(-a\'atio(i )  rcniaina 
untouched,  but.the  local  authorities  who  an'  the  owners  of  the  iiuarry  have  (jiven  us 
to  understand  that  they  nec<l  inoiv  stone  for  their  harlxir  worke  aixl  arc  therefore 
anziouH  to  see  our  graves  tratutferreil  from  the  iK)eition  they  new  oci'iijiy,  for  which 
purpoite  they  would  give  uh  a  cuitable  |iiece  of  K'»unil  in  another  part  of  the  town 
and  would  altu)  undertake  the  <lue  and  (ittin^  transport  of  the  n.-niainB.  Should  our 
answer  be  in  the  negative,  it  in  intimated  to  us  that  in  five  yean*'  time,  in  1905,  the 
term  for  applyin^i  tlie  law  for  public  utility  (twenty  yearH  after  the  date  of  the  laxt 
burial)  will  have  been  reache<l,  and  we  shall  then  have  to  frive  up  of  iiecetwity  what 
we  are  now  aaked  to  yield  as  a  concemion. 

Uniler  the  circumstances  the  committee  have  decideil  that  it  is  their  liest  ih)licy,  in 
the  interest  of  all  conci-metl,  to  begin  to  negotiate  at  once  for  the  transfer  on  a  decor- 
OUfl  footing  of  the  British  Cemetery  anil  all  it»  tomlm,  and  although  some  conxider- 
able  time  may  elapse  before  this  transfer  is  accomplished,  yet  it  m  evident  that  the 
time  has  now  come  tor  us  to  ask  you  to  prepare  your  decision  ai*  to  what  is  ti)  lie 
done  with  regard  to  the  James  Smithson  remains.  Are  they  to  te  lai<]  with  all  iiOH- 
eible  care  and  reverence  in  new  ground  here,  or  are  they  to  be  conveyuii  to  the 
United  States? 

Awaiting  the  pleasure  of  your  reply,  I  U^  to  remain. 
Very  faithfully,  yours, 

K.  A.   Lk  Miffli-it[EH. 

The  S«(crctary  said  that  the  cemtitcry  rt^ferrod  to  was  not  the  cele- 
brated Canij>o  Santo  of  Genoa,  but  a  very  Kiiiall  one  in  the  care  of  the 
British  cohmuI  and  the  English  rhurch,  sitimtt^-d  in  an  elevated  and  iso- 
lated spot,  and  that  no  interment  had  occiiiTed  thi-re  for  many  years. 
The  Regents  had  formerly  authorized  the  placing  of  a  bronze  tablet 
on  Smithson's  tomb,  which  had  lieen  done. 

The  Secretary-  here  exhibited  photographs  of  the  t4>ml),  showing  the 
bronze  tablet  in  position,  liccently  word  had  been  ix'cei\e<l  that  the 
bronze  tablet  had  l>ecn  stolen,  but  orders  had  been  given  to  rei)hic»i  it 
-by  a  marble  one. 

After  .some  discussion,  in  which  the  desirability  of  bringing  the 
remains  to  this  country  was  advcisiU  lonsidcud  tlii  following  res- 
olution, offered  by  Mr.  Adam-*   was  adopted 

Hentdved,  In  view  of  the  projioBeii  alx  1 1  on  I  tl  t  gl  sh  imetery  at  (ienoii, 
which  contains  the  remains  of  Jau  es  Si  iitl  sc  n  tl  at  ll  (  S(  retdry  Ite  reipicr^liHl  to 
arrai^e  either  with  the  Knglisl  (.hurt)  or  uith  tl  eauti  ont  (.s  f  the  nutioniil  bury- 
ing ground  at  (ienoa  for  the  re  ntem  ent  f  '•mithsi  n  s  re  uains  and  the  tran.'^fer  of 
the  original  monument 

SECRFTARY S   STATtM>hT 

ExperlmentH  in  Aennlr  t  i  »—h<.J  pne  jtJ  t  t  — The  Secretary 
stated  that  in  view  of  the  lattne'-'i  of  the  hour  he  would  jmi-is  over 
some  of  the  matters  about  which  he  had  inttndtd  t>  speak,  among 
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others  the  rontinimtion  of  bis  experiments  in  aerodroinici*.  which,  with 
the  consent  nf  the  Regents,  he  was  making  for  the  \\'»r  ne|Mirtinent, 
and  of  the  results  of  the  eclil»se  expedition  of  May,  IJKMI.  further  than 
to  Kivy  in  regard  to  the  latter  that  they  were  of  rather  more  than 
ordinary  iniportane-e;  that  they  had  left  one  or  two  interesting  but 
unsetth'd  questions,  particularly  tliat  iis  to  the  [xissiltjlitie-s  of  the 
ol)Ner\'iition  of  Intrnmercurial  planets,  which  had  detA^rmined  hint  to 
send  out  a  small  expedition  to  Kuumtm  to  settle  these  tjuestions  on  the 
occasion  of  the  exceptionally  imjvortant  eclipse  of  th<^  sun  in  May  of 
tlie  present  year. 

Cr  uft/ti:  C'/iafd/i-K.^ln  Octofier,  IM'.t!',  Pr.  Wgjir  Jauies  l-ianks,  of 
Canibridgo,  Mass.,  had  written  to  inquire  whether  the  Smithsonian 
Institution  would  accept  a  collection  of  iiabykinian  antiquities,  if  such 
couhi  be  proi-ured.  He  staked  tliat  he  hoped  to  Ik-  ahh>  to  necurc  val- 
uable material  by  cxL'avating  at  the  town  of  Mugheir,  situated  on  the 
Euphrates  River,  which,  according  to  tradition,  is  the  site  of  L'r  of 
the  Chaldees,  from  which  Abraham  came,  licing  satisfied  after  inves- 
tigation of  the  Islanding  of  l>r.  llanks,  and  one  of  the  Regents  of  the 
Institution  bt^ing  among  the  vice-pre.sidcnts  of  his  association,  the  Sec- 
retary ae*«pted  his  pRiposition,  which  committed  the  Institution  to 
nothing  but  the  ivceipt'  of  the  finds.  One  ()f  the  employees  of  the 
National  Museum  would  be  of  the  party  and  would  collect  ethnological 
and  natural  history  specimens.  Any  prediction  with  regard  to  the 
expedition  must  be  premature,  but  it  might  Ik;  said  that  this  site,  if 
correctly  chosen,  was  one  of  the  most  importance  for  students  of  the 
Bible  and  of  ancient  history  yet  to  be  examined,  and  that  there  was 
reasorialde  expectation  that  the  Institution  would  reap  a  reward. 

Siiiithsi/ninn  deposit  In  thf.  Lihtiiry  of  Cimijrf>i».—  'Vhe  Smithsonian 
deposit  was  created  originally  by  a  relatively  very  large  exiwnditure 
from  the  proper  funds  of  this  Institution,  nearly  half  whose  income 
went  in  this  direction  for  several  years.  The  money,  the  Secretary 
w!is  told,  was  si>ent  at  a  time  when  such  things  were  cheaper  than 
now.  and  well  spcnit,  for  a  varied  collection  of  works,  partly  Imt  not 
exclusively  scientific;  but  during  the  last  twenty-live  years  the  im- 
nien.sely  inci-easing  demand  upon  the  small  fund  of  the  Institution  had 
caused  it  to  add  little  to  its  library  by  direct  purchase,  though  this  had 
continued  to  increase  largely  through  the  exchange  system,  chiefly  in 
the  direction  of  scientific  periodicals. 

The  Regents  would  remember  the  Secretary's  explaining  to  them 
two  years  ago  that  by  an  infonnal  arrangement  made  between  Pi-o- 
fcssor  Henry  and  the  Librarj-  Committee,  in  ISO'!,  the  Liln-ary  of  (.'on- 
gress  was  not  required  to  keep  the  Smithsonian  liooks  togi'ther.  but 
merely  to  see  that  they  had  a  proper  mark  indicating  that  they 
belonged  to  the  Institution. 

These  Ix)oks,  which  Congress  had  assumed  the  care  of,  had  been 
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lying,  it  wa*  too  well  known,  in  compulsory  neglect  and  disorder,  owing 
to  the  lack  of  room  in  the  old  qiiart«ra  in  the  Capitol,  but  since  their 
transfer  to  the  new  Jjibrary  building  they  had  been  rearranged  and 
much  had  l>een  done  toward  bringing  into  order  this  valuable  Smith- 
sonian deposit,  which  was  in  some  respects  the  finest  collection  of  sci- 
entifii-  periodi<«l»  and  reports  of  learned  societies  in  the  world. 

C-ongresH  had  last  year  made  an  increane  in  the  working  for<'e  of  the 
Library,  and  had  provided  for  three  persons,  one  custodian  and  two 
messengers,  to  look  after  the  Smithsonian  deposit. 

The  Ijooks  had  an  entire  "stack,"  which  would  bold  17.^,<HM)  volumes, 
and  was  called  the  "East  stack,"  assigned  to  them,  and  iM'sides  this 
one  of  the  great  halls,  which  was  to  be  used  for  the  books  in  more 
immediate  demand,  and  also  as  a  reading  room. 

An  appropriation  of  $;-tO,000  was  made,  to  \>e  expended  under  the 
Librarian  of  Congress,  for  fitting  up  this  room,  and  while  even  this 
large  room  would  not  be  sufficient  to  bring  together  all  the  Smithso- 
nian books,  it  would  bring  together  most  of  the  transactions  of  the 
learned  societies  and  .scientific  periodicals,  which  were  among  the  most 
valuable  portions  of  the  Library. 

He  desired  to  engage  the  interest  of  the  Regents  in  procuring  for 
the  expenditure,  either  through  their  Secretary  or  the  Librarian  of 
Congress,  a  sura  of  in  all  not  less  than  $50,000  for  the  joint  purpose 
of  supplying  the  defects  in  the  library  due  to  its  neglect  for  the  pawt 
twenty  years,  and  to  fill  in  the  important  seta  of  periodicals  which 
can  not  bo,  secured  by  exchange.  This  money  could  not  Itc  spent  rap- 
idly, since  many  of  the  books  could  now  be  got  only  after  long  search, 
and  he  presumotl  that  it  would  take  several  years  to  sup])ly  the  actual 
losses. 

Intemationiil  C'atiilogue  of  Scii^ntific  Literaiurf. — The  Secretary 
said  that  he  had  not  time  to  enter  upon  this  subject  at  length,  but  he 
would  remind  the  Uegents  that  the  Smithsonian  Institution  had  long 
ago,  under  Professor  Henry,  proposed  the  st^heme  of  a  general  cat- 
alogue of  scientific  literature  to  the  Royal  Society  of  London  for  their 
joint  consideration. 

The  lioyal  Society,  within  tlie  last  two  or  three  years,  had  resumed 
the  pmject  which  had  now  grown  to  be  a  verj'  Innjf  one.  It  had  re- 
cently called  for  and  obtained  the  official  aid  of  the  principal  govern- 
ments of  the  world,  and  England,  France,  Germany,  and  other  leading 
European  nations  had  made  large  appropriations  to  this  great  work. 
It  had  heen  hoped  that  our  own  National  Ciovernment  would  take  its 
share  in  this  enterprise,  but  the  Secretary  regretted  to  say  that  it  had 
not  done  so,  although  the  Department  of  State  had  earnestly  recom- 
mended it 

The  Smithsonian  Institution,  which  had  I)een  the  original  suggester 
(if  this  great  plan,  desired  to  be  still  associated  with  it  in  the  measure 
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of  it-*  ability,  and  had  cau-srd  a  rinmlftr  to  be  went  during  the  pout  Hum- 
nter  to  tbc.  libraries,  univorsitios,  and  scientific  PHtabliHbments  of  the 
United  States,  and  solicited  support  for  this  international  project  in 
the  name  of  tlie  Institution.  He  wa.s  }rrattficd  to  l)e  able  to  Hay  that 
the  ro^)>onse  had  Ix'en  most  hearty,  and  that  GH  setn  of  this  costly  pub- 
lication had  l>ee>i  sulmi-rilx-d  for  here,  which  watt  a  much  more  consid- 
erable aid  than  had  been  rendered  by  the  jx'oples  of  any  other  nations 
apart  from  the  national  subscriptioni*. 

The  Secretary  hoped  that  our  (Jovernment  would  yet  do  something 
for  this.  He  wa«  entirely  willing  that  the  work  should  l>e  continued 
provisionally  under  the  Institution  as  suggested  by  the  Secretary  of 
State,  but  while  he  )>Glieved  that  it  was  the  wish  of  all  American 
scientific  men  that  the  work  should  l>e  done  here,  he  did  not  desii-e  to 
have  the  Institution  appear  ait  asoli<-itorof  Cx)ngress  for  the  necessary 
appropriation  while  so  many  things  of  more  immediat<^-  ui^nce  to  its 
own  interests  were  ungranted.  He  would  t<imporarily  continue  a  cer- 
tain amount  of  the  cataloguing  as  aid  on  the  part  of  the  Institution, 
which  was,  in  this  respect,  taking  the  duties  of  what  was  cidled  in 
Eurojm  a  "regional  bureau.'' 

SI'KCIAL  STATKMKNT  SMITHSONIAN  FUND  AND  MUSEUM. 

Continuing,  the  Secretary  said: 

The  K«^-iitH  hav«  rei^iveii  my  |>riiiteil  iiflifuil  rtjiort,  ami  aa  1  linjie  that  they  have 
read  it  I  nhall  not  dwolt  <iii  its  i-ontenti',  but  will  Hjieuk  now  of  certain  sulget'tD  of 
t<|MH'ial  ninccni.  The  real  niatt<>r,  to  tlie  Sei'retary  at  leaiit,  always  ties  in  the  actual 
presence  of  the  Kegentx,  and  hiH  ai>ilily  t<i  Imiifc  tn  them  his  diflicultie»  dim'tiy  and 
to  obtain  thuir  guidantv.  1  say  tbiu  now  nut  with  n-ferenc«  toanythingthat  pretwes 
for  present  ai-tioii,  but  to  be  mire  that  I  know  their  wishes  in  the  i^haping  of  a  pi)licy 
which  <aiii<cti  iiie  frequent  offli-ial  anxiety.  1  do  not  mean  with  reference  to  the 
parent  Ingtitution,  for  there  nttver  was  a  time  when  itit  small  iiicann  were  productive 
of  more  Hatii>fai-I<iry  results,  or  when  it  waH  Ix'tter  known  throughout  the  whole 
world  than  it  is  to-day,  but  I  iroin<-<liately  t^peak  of  the  bureaus  which  tlie  Govern- 
ment ban  |tut  in  its  charfte,  an<l  f<)r  the  moment  )>articMlarly  of  the  >f  iii«um. 

The  Rtvente  will  remember  that  on  the  resignation  of  Acting;  .^iwiutant  Secretary 
Charles  D.  WaU-ott,  I  axke<l  them  tu  authorise  the  removal  of  the  rextrictioni!  on  the 
appointment  of  the  Awii'tant  fiiHTclary,  Sir.  Kicliard  liathbun,  wi  that  he  could  be 
f>«>ifine<l  to  other  dutitt",  et^H-eially  that  of  AHsiHtant  Secretary  in  rhaive  of  the 
Musumn,  with  the  aiil  of  three  Hea<l  Cunitoni,  and  that  I  Rtxike  of  this  as  an  experi- 
ment upon  which  I  would  re|H)rt  later.  It  having  l>een  found  impracticable  ttiat 
Mr.  Rathbun  should  pivc  his  cliief  atti^ntion  to  the  jiarent  InntilutJou  and  satis- 
factorily  administer  the  Museum  also,  I  have  recently  made  arra-gemenls  by  which 
he  could  jfive  his  princijial  atlcnlion  to  the  latter,  anii  in  thi>'  form,  after  two  ycare' 
trial,  I  i«ii  re|iort  fav()rably  ujion  the  jiian. 

I  think  it  is  working  well  for  two  reasons.  Tlie  first  is  personal  lo  Mr.  Rathbun, 
who  has  a  fund  of  tact  and  jiatience,  unit«d  with  professional  I'ymparhy,  which  tew 
men  possess  in  a  areater  di'grce. 

The  otlvr  rcas.m  why  the  present  jjlan  is  suciswtul  lies,  !  think,  in  the  nature  of 
the  Ketreuls' own  control,  and  here  I  want  to  revert  to  the  fact  Ihat  the  Murxiim  as  it 
exists  lias  grown  from  the  {larent  stem  of  the  Kmithsonian  fnsliunion,  and  iirown  so 
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bst  that  the  chiUI  in  k-iidin);  to  Ifemme  larger  than  th«  parent.  There  are  mfftn  that 
the  Committee  on  ApproprialioiiH  is  at  laat  <H>ining  Ui  nee  the  inevitabie  ne(«8sity  of 
cnlar^iiK  the  Muf«iini  Imildin^,  and  with  thie  enlan^ment  wilt  come  ftn  increaseii 
expenditure  and  a,  new  era  of  responxilnlity  for  its  manatienient.  With  a  million 
dollartt  'ir  more  of  annual  ('X|>endlture  the  Miueuin  will  lie  more  like  other  great 
bureaus  of  the  (ioveniment.  I  can  my  that  I  think  the  pre§ent  Hyfitem  of  ailinitiiti- 
tration  through  the  Kegenln  in  not  only  free  from  every  Mmpit-ion  of  jiolltii.'al  influ- 
ence, but  through  the  niethoil  of  election  and  appointment  of  itx  governing  liody  and 
ofBtvrH,  has  an  at«uranre  of  perm&neni^  and  of  umielfinh  ail  ministration  which  no 
other  method  known  to  OHr<iovemmeut  affords. 

The  Serretary  is,  under  the  fundamental  law,  the  Keeper  of  the  Museum. 
Although  a  srientifir  man  himxelf,  be  in  not  diepoHcd  in  thJH  connection  to  favor  one 
branch  of  science  as  against  another.  (At  least,  if  I  may  speak  for  myi^lf,  I  think  1 
am  not.)  While  retaining  in  his  own  hands  so  much  of  the  authority  which  the 
R^ents  and  the  law  have  im[>oii«d  on  him  as  is  necessary  for  a  pmper  coordination 
of  all  the  inlereate  of  the  Inetitulion,  and  while  personally  paxeinj;  upon  all  matters 
of  'policy,  relationa  with  important  foreign  and  donieatic  ertabli«bment«  and  all 
unnsuail  or  extraordinary  eipenditures,  he  has  always  mani4ted  the  details  of  the 
Museum  administration  through  an  Assistant  Secretary.  Such  men  as  Baird,  (iooile, 
Walcott,  and  Kathhun  have  siia^essively  filled  this  (>lfi<^,  and  in  every  instance  not 
only  deserved  the  i-onficlence  of  the  Regents  and  the  Secretary,  but  have  gained  llie 
conflilence  of  the  scientilic  community. 

1  think,  then, that  the  present  plan  of  admini)itratii<n  is  working  well,  hut  I  desire 
the  Regents  to  l)ear  in  mind  that  an  extension  of  the  work  to  Im;  done  is  likely  to  l>e 
later  <Ienianded  by  scientific  public  opinion;  that  the  time  has  nearly  come  when 
Connrew  wil'  '"^ok  favorably  a\iim  it,  and  that  when  the  time  for  this  extension 
actually  does  ci'me  I  hope  they  will  feel  that  their  own  just  and  impartial  rule  is  the 
best  that  the  Museum  is  likely  to  have  in  the  future,  as  it  is  that  which  baa  built  it 
up  in  the  post,  guaranteeing  as  it  does  deliliei^ion  and  faimcte  in  the  selection  of 
the  Museum  oHlcera  and  a  stability  in  its  policy. 

There  is  something  ti)  lie  xaid  with  reganl  to  each  of  the  other  bureaus,  hut  the 
RegeDtfl  will  find  this  set  forth  in  the  Report,  particularly  with  r^>ard  to  the  Secre- 
tary'fl  personal  eSorts  made  last  year  to  extend  the  Held  of  the  Bureau  of  Ex<-hangefl. 
I  wish,  however,  before  concluding  tliesc  statements  to  the  Regents,  to  revert  to  a 
subject  on  which  I  have  already  asked  their  advice  and  which  is  of  fundamental 
importance. 

The  Chancellor  remarked  on  a  i>revious  occasion  that  the  time  seeme<l  to  Ije  coming 
when  the  Institution  would  he  more  and  more  in  the  way  of  receiving  gifts,  like  the 
Hodgkins  gift.  1  hope  and  lielieve  that  this  opinion  will  lie  justified,  and  I  have 
had  the  pleacure  of  bringing  some  evidences  of  it  liefore  the  Regents  thie  morning, 
but  I  ask  them  to  bear  in  mind,  with  regani  to  the  Smithsonian  Institution,  which  has 
been  called  an  anomaly  in  our  Government,  that  its  l)est  feature,  an<l  that  which 
makes  it  a  happy  anomaly,  is  that  while  the  whole  is  in  the  (sre  of  the  State,  there 
is  an  indepenilent  funcl  under  the  Regents'  control.  Now  I  beg  them  to  consider 
that  tills  all-important  feature  of  independence  in  every  year  lessening  in  its  chiracter, 
owing  til  the  decreasing  relative  importance  of  the  fund  hy  reason  of  the  changing 
value  of  money,  and  the  enormously  increased  wealth  of  the  country  arounil  it. 
Thus  in  1850  the  Smithsonian  Institution's  fund  was  over  ftiO0,0OO.  This  was  at  the 
time  a  noble  foundation,  but  bow  relatively  small  it  is  to-day  can  be  seen  from  the 
greatly  increase<l  funds  now  in  the  hands  of  other  institutions  of  learning.  I  have 
written  to  the  presidents  of  a  number  of  the  principal  American  universities  in 
existence  in  1S50  and  aske<l  the  extent  of  their  endowment  at  that  time. 

Fifty  years  ago,  the  President  of  Yale  t'niversity  informs  me,  the  funds  of  that 
great  institution  were  about  $300,000.     At  that  time  the  Smithsonian   Institution 
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[und  was  over  $600,000,  nr  more  than  twice  that  of  YaXe.  Now  Presiilent  Hadley 
tells  mt  that  the  inveetei)  funds  of  Yale  are  about  Hve  and  one-quarter  million 
dollarx.  The  Smithsonian  funil  is  nearly  wiiat  it  was;  that  in.  exttpt  for  the  Hodg- 
kins  legally;  It  ieahoatoue-sixth  that  of  Yale;  whicli  is  saying  that  the  Sniithmniaii 
fund  has  relatively  decreased  in  the  proportion  of  12  lo  1. 

Not  to  found  this  comparison  on  the  solitsry  case  of  Yale,  I  have  inquired  in  this 
way  of  the  Preaidenta  of  seven  of  our  leailinj;  colle^^es  and  universities,  and  1  have 
answers  from  Ave:  Harvard,  Yale,  Columbia,  Princeton,  and  the  Tniversity  of 
Pennsylvania. 

Columbia  reports  an  income  ot  $11,000  in  1850,  but  no  endowment.  Harvard  is 
the  only  collq^e  or  university  which  fifty  years  ago  had  a  fund  aa  Urge  as  that  of  the 
Smithsonian  Institution.  The  average  fun<l  of  Harvard,  Yale,  Columbia,  and  Penn- 
sylvania in  ia50  I  find  tA  be  about  $450,000.  The  averaf^  fund  of  each  of  those 
same  four  institutions  towlay,  as  their  presidents  and  treasurers  report  to  me,  is 
about  $8,600,000  (an  average  increase  of  nearly  2,000  per  cent). 

If  some  ot  the  newer  unlveryities,  as  Stanford,  and  Chic^^,  whose  funds  are 
believed  to  be  collectively  $25,000,000,  are  brought  into  this  estimate,  the  result  is 
that  while  at  the  time  of  il«  organiimtion  the  Smitlisonian  Institution,  with  one 
exception,  was  very  much  wealthier  than  any  university  or  college  in  the  (Juitcd 
States,  to-day  it  has  about  one-twelfth  ot  the  average  property  of  those  to  which  it 
was  formerly  superior. 

If  there  is  any  object  that  lies  near  my  heart,  it  is  that  the  Institution  should 
become  so  known  throughout  the  country  that  gifts  and  deviKes  which  would 
increase  that  part  of  its  funds  under  the  absolute  control  of  the  Kegente  should  be 
stimulated  and  iucreaswl.  1  am  convinced  that  it  is  but  necessary  that  the  whole 
of  the  American  people  who  have  money  to  devise  or  give  shall  only  know  what 
Uie  Institution  has  done  in  the  [last  and  wliat  it  guarantees  under  the  rule  of  the 
Begents  In  the  expenditure  of  funds  in  the  future,  to  bring  in  such  gifts  in  increas- 
ing number.'  I  will  do  anything;  I  can  personally  to  aid  this,  and  while  it  is  not 
fiecnming  that  the  Institution  should  wear  the  appearanceof  soliciting  anything  ot 
the  kind,  I  should  be  very  glad  for  any  counsel  from  the  Regents  as  to  the  nieans  ot 
aidinie  it. 

The  Kegentti  informally  discussed  the  matters  suggested  by  the 
Sei-rctary,  but,  time  preventiDg,  took  no  action;  and,  on  motion,  the 
Itoard  adjourned. 
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HKPORT  OF  THE  EXKCUTIVK  COMMITTEE  OF  THE 
liOARD  OF  REGENTS  OF  THE  SMITHSONIAN  INSTI- 
TUTION 

For  the  Yeah  Knihnu  Jcne  3(>,  liHJl. 


To  t/ie  Board  of  Ri-gend  of  tli,-  Smif/iMnian  lt,Kiituti<m: 

Your  Executive  Committee  respectfully  submits  the  following  report 
in  relation  to  the  funds  of  the  Int^titution,  the  appropriations  by  Con- 
gress, ana  the  receipts  and  ex[>endttures  for  the  Smithsonian  Institu- 
tion, the  U,  S,  National  MuMcum,  the  I nt^'r national  Kxrhangcs,  the 
Bureau  of  Ethnology,  the  National  Zoological  Park,  and  the  Astro- 
physical  Observatory  for  the  year  ending  June  30,  ISIOl,  and  Italances 
of  former  years: 

8MITH80SLAN    INSTITUTION. 

Cmilltion  of  the  FuiulJuIy  1,  J90J. 

The  amount  of  the  bequest  of  James  Smithson  deposited  in  the 
Treasury  of  the  United  States,  according  to  act  of  Congress  of  August 
10,  1846,  was  ^^15,169.  To  this  was  added  by  authority  of  C\>ngre88 
February  8,  1S67,  the  residuary  legatry  of  Smithson,  savings  from 
income  and  other  sources,  to  the  amount  of  ^134,^31, 

To  this  also  have  l>een  added  a  t»equcst  from  James  Hamilton,  of 
Pennsylvania,  of  $1,000;  a  Insqucst  of  Dr.  Simeon  Hab<'l.  of  New  York, 
of  $500;  the  proceeds  of  the  sale  of  Virginia  Ininds.  !j'51,50(l:  a  gift 
from  Thomas  G.  Hodgkins.  of  New  York,  of  *-iOO,OUO  and  liW,0OO, 
lieing  a  portion  of  the  residuary  legacy  of  Thomas  (J.  Hodgkins,  and 
$1,000,  the  accumulated  interest  on  the  Hamilton  liequest,  making  in 
all,  as  the  permanent  fund,  J!tl2,000, 

The  Institution  also  holds  the  additional  sum  of  $42,000,  received 
npon  the  death  of  Thomas  G.  Hodgkins,  in  registered  West  Shore 
Kailroad  4  per  cent  l>onds,  which  were,  by  order  of  this  committee, 
under  date  «f  May  18,  1894,  plai-ed  in  the  hands  of  the  Secretary  of 
the  Institution,  to  be  held  by  him  sul)ject  to  the  conditions  of  said 
order. 
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fitalement  nf  rrrripU  <in<l  ripenililuTfi  /roni  July  1,  IHOd,  lo  Jiiiif  .10,  J901. 

Cash  on  han.lJuly  1,  1900 $T«,21!1.07 

Interest  on  fundJuly  1,  1900 $27,3fiO.OO 

Interest  on  tun.i  January  1 ,  1901 27,  36(1. 00 

54,720.00 

Irttrest  to  Januarv  1,1901,  on  W.-ct  Slmrc  Iw.n.is 1,880.00 

ti:i2, 61».  07 

t'rtfli  from  nalen  of  publioatioiw 188. 59 

CobIj  from  repavmenU',  freinht,  etc 10,240.80 

— ^ — _     io,4ai.:w 

Total  rti-eiplfl 148,0«.4« 

Bui  id  in);: 

Kepain,  care,  and  im  pro  vein  I'nls $6,938.39 

Furniture  and  HxtureH 2, 188. 01 

V&,  126. 40 

GenenI  expensiw: 

Posti^^  and  telepupli 1 17.  (17 

Stationery 1 , 1 74, 44 

Incidentals  (fuel,  gas,  eti;.) 4,848.20 

Library  (books,  perimlicalH,  etr.) 2,581.80 

Salaries' 20,566.95 

General  printintc S4. 85 

Gallery  of  art 408. 92 

Meetinire 221 .  37 

29,954.20 

Publications  and  retwanJics; 

Smillii<onian  iiintributionn 36. 85 

Miscellani'oua  collections 1,712.73 

Reports 1,971.63 

Special  publi(-ations 222.  SO 

Researchts 4, 686. 04 

Apparatus 1, 143. 10 

Hoitgkins  fund 4, 473. 51 


-  14.246.  a 
wientiiic  CKchanjpv 5,  758.  2- 


59, 085. 2 


Balance  unexpendtil  June  30,  1901 83, 963. 26 

The  ca.sli  lectuved  from  the  sale  of  puljlicatioiiH,  from  reiHiymoiitf  for 
freights,  ete.,  in  to  be  credited  to  the  items  of  expenditure  a.s  follows: 

Smithsonian  contributions $24. 91 

Miscellaneous  collections 138.97 

Reports 16. 4 1 

Special  publicatioiLM 8.;W 

— $188. 59 

Exchanges 9, 785. 44 

Incidentals 4,t5.  .16 

10,429.39 

*  In  addition  to  the  at>ovt'  $20,566,95,  paid  for  salaries  under  buildinf:  and  Kenerat 
expenses,  $8,999.11  were  paid  lor  serviii*,  viz,  $4,312.93  charged  to  biiildinR account, 
$285  lo  furniture  acconnt,  $2,151,06  to  researches  account,  $1,250.16  to  library 
airiiniit,  and  $^t9i}M  to  lIodRkinH  fund  account. 
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The  net  expenditures  of  the  Institution  for  the  year  ondinff  June  30, 
1901,  were  therefore  1^8,655.81,  or  ^10,429.39  less  than  the  groas 
expenditures,  $&9, 085.^0,  as  ubovc  stated. 

All  money-i  received  by  the  Smithsonian  Institution  from  interest, 
^Ie»,  refunding  of  moneys  temporarily  advanced,  or  otherwise,  are 
deposited  with  the  Trensiiroi  of  the  United  States  to  the  credit  of  the 
Secretary  of  the  Ititititution,  and  all  paynienti*  are  ma<le  by  his  checks 
on  the  Treasurer  of  the  United  States. 

Your  committoc  also  presents  the  following  statements  in  regard  to 
appropriations  and  expenditures  foi'  object^H  intrusted  hy  Congress 
to  the  Smithsonian  Institution: 

Detailed  ttaiement  of  diMmru-mmU  from  apprnprUilitmii  rommilted  Inj  OjnjrcM  Id  the  care 
of  the  Smiih»iminn  InMitulion  firr  tilt  fUctd  year  ending  June  SO,  1901,  and  from  baiancu 
of  fornix  yean. 

INTEKNATIONAL  EXCHANGES,  SMITHSONIAN  INSTITUTION,  1901. 


Appropriai«(]  by  Congrewi  (or  the  fif^tTil  yrar  eiulinf!  June  1"^,  1901,  "for 
expenses  of  the  systein  of  inlernatiimal  exi-han(!eH  between  tlie  United 
8tat««  and  fur«i){n  coitnlrien,  untler  the  direction  of  the  Smithsonian 
InstitiilJon,  inddding  salaries  or  i-ompensation  of  all  ne<t«8ary  eniploy- 
eea  and  the  purcboxe  of  neci'fWftry  bcmks  anil  periodicals,  twenty-four 
thouaand<lol!ftrH"  (sundry  dvil  ait,  Jimf«,  1900) $24,000.00 


(Fniiii  July  I.  I-Niu.  I.>  Jiinp  »U,  IWl.) 
Salaries  or  compensation: 

1  curator,  4  months,  at  $258.;t:i $1,033.32 

1  acting  curator,  ."i  months,  at  $225 1,125.00 

1  chief  clerk, («'"""'!"'•  "**■'•■* ]  2,149.98 

16  months,  at  $183.3.1 / 

1  ilerk,  12  months,  at  JI50 1,800.00 

1  clerk,  2  months,  at  $125 250.00 

1  clerk./*  "">"*'"'•  «'*"«'*^ I     1,450.02 

'l8  months,  at  $125 f 


tt$125.. 

1. ilerk,  ."  "" 

'"  ■'       lt$10K.33 


re  months,  at  $100 1  j  249  gg 

la  months,  at  $10K.  33 '  ' 

1  stenographer,/"  "'"""'«•"«'» I  1,090.00 

^    '        '11  m<mlh,at$100 1 

1  clerk,  12  months,  at  two 960.00 

1  (copyist,  tt  months,  at  W.T I  57000 

Iclerk,  6  months,  at  *.W I 

1  iMicker.  12  months,  at  $55 660.00 

1  workman,  J^  """"!"■■  *'*^? \  630.00 


•{;■ 


nonths.at$25 1        gj^  ^o 

month,  ai  $:» ' 


I  laborer,  12  months,  at  MS 540.00 

1  carpenter,  20  days,  al  $:t 60.00 

I  laborer,  13  days,  at  fl-W 19.50      ^ 
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Salaries  or  <»iiii)enHation — Continueil, 

1  laborer,  2i»(U>..,  at  «l. SO *4:(.50 

I  laborer.  22  tiayw,  at  tl.SO itI.OO 

1  (■leaner.  \6G  liayw.  at  $1 UMl.  0() 

1  a«ent.  12  moiitliP,  at$lll.*>6} I,  lOO.OO 

1  aK^nt.  12  montliii,  at  $15 IWKIMI 

1  agent,  1 2  inontliB,  at  5.tO (M  K).  00 

ToUl  salaries  <.r  •'ompcnaatioii HI.  020. 30 

General  L'xjx'nMx: 

Boxes ^H7(i..50 

Freight :t..^s:.  12 

Postage 22.M)0 

Suppliee (l^!.  4'' 

Stationery 291,  !il 

__    .1.043.99 

Total  dUburvemenU $21, 064. 2ft 

BalanceJuly  I.  I«01 2,wt."i.71 

INTERS  AT  I  OS  A  I.  KXrHASGEW,  SUITHMIMAN  ISSTITIITIUN,  lUOCh. 
Balance  July  1,  IfOO,  ax  per  lant  re|x)rt K,  5:t8. 83 

General  evi>ense8: 

Books fZ-Vftl 

Boxes \W,.W 

Freight 2, 1.W.  10 

Ser\-ictB 10.  .'SO 

Stationery 11.  Ill 

Supplies K.'>.m 

Total  diaburseiticnls $2, 484, 93 

BalanceJuly  1,  1901 M.90 

INTERNATIONAL  EXUIlANGt-:.  .SMITIIS(]S;AS  ISSTITI'TKIN,  1"^. 

Balance  July  1,  1900.  as  per  last  report f  I.  -W 

Balance  carried,  under  the  pr'iviHions  uf  Keviweil  Statute!',  w-clUiii  AWO,  by  the 
Trca.sury  IH'itartinent  to  the  cmiit  of  the  surplus  fnmi.  .lune  IM).  UHll. 

AMEKIrAN  ETIISOI/MJV.  SMITBSI>S1AN  INSTITITIOS.  ISOl. 


Appropriation  by  CoiiKresn  fur  the  liwal  year  ending  June  30,  lltOI,  "  for 
continuing  etlinolt^ical  resean-lies  anions  the  .\nu-rican  Indiana  under 
the  direction  ol  the  Smithsonian  Inslilnlion,  infludinjt  Kalaries  or 
compensation  of  all  ne<'essary  em))lnyee!<  iin<l  the  pnrchiiM.-  of  nci-e.-f'ary 
booka  and  (leriiMlii-als,  fifty  thousoinil  dollars,  of  whi<'li  sum  not  exceeil  - 
ing  one  thousand  lire  hundreil<lotlarsniiiy  ImmisciI  for  n'ntof  Imildiii^" 
(sundry  civil  act,  June  »,  1900) * 

The  actual  conduct  of  thew  inve-'li(tatiiin-  hsis  been  conlinniHl  by  ihi' 
Secretary  in  the  hands  of  Maj,  J.  W.  Powell.  Pirts-tor  of  Uie  Burtiaii  of 

Ainencan  Kthnolopy- 


iiz^dbvCooglc 
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AMERICAS  ETHNOLOOY,  1909. 

BuianwjJuly  1,  19O0.  a»|«rlaHt  rt-|Mirt f2,147.;i5 

General  expenwx: 

Bfx>ke pan.  05 

DrawinKH  »"'!  i  Hurt  rations 4(1. 51 

KreiKht 67.  HD 

Office  f iinii  lu  re 2N«.  .tO 

Light 13. -M 

MiBcellanetiUH 1 .  (15 

Nt^tivwi 7:>.ft4 

PosU^aiKl  ti-legraph ai.32 

Hental R-J.  33 

8pe<nal  wnic*^ 233. 00 

Spei^ieiip 28.1.27 

Sapgilitw I'K).  77 

Travel  and  fieki  exi>enMefl 17. 50 

stationery 225. 32 

T.ital  •lii'burM^mt;nt/< $2, 142. 16 

BalwiieJiily  I,  1001 5.19 

AMERICAN  ETHN<)UMiY,  1B99. 

BfcUmv  July  1,  I90(),  a).  iK;r  Wt  rep-irt $92.48 


■xp'-iw 


Balanii- 9 1 .  (J4 

Bslanee  (JIItUiI,  ondt-r  the  provixions  oi  lievict-ii  fitatuleH,  wi-tion  ISOIM),   by  the 
Trrasury  Di-jiartment  tti  ihu  cmlit  of  the  furpliw  fiinil,  June  3",  1!<0I. 

NATIONAL  MI'HBl-M— I'KBHERVATEON  OF  C()LLICCTIONS.  1901. 

map-rpm. 

Aiiimitiriatioii  liyConRniw  for  the  fiHml  year  emlinn  .lime  :{i),  1!»01, 
"for  ifintinninK  the  prvwm'alion.  cxhjliition,  htkI  iiiiTesiin:  of  tlii'  enl- 
le'-tioru'  fnim  the  Horveiinu  and  eitjili>riii«exiH.'<litionNiit  the  tiovi-ni- 
metit  ami  from  uth<?r  wmn-eH.  incluilintc  wilarieH  or  i-<mi|>fiiNitL<iii  of 
all  ni-ciiMiry  eiiitiloye«v,  tlHO.DOO,  ot  whkli  rami  t^.-iOO  may  Im-  iwl 
l..r  iiet-t— «ry  ilrawinfpi  and  iilurtrati'iiiH  (or  puhlUalJonw  „t  tin- 
National  Muneum"  (ramtry  i-ivil  act.  June  t),  11)00) '.  $1ko,()oo.OO 


Malariex  or  i-'>iii|>eni«tif>n (J.'.H,  Wfl. 4S 

t<|«(-ial  «TviiiT 4,  tKh.  76 


.  *l'12.«72.2l 
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Prypa  rat  iirf" — ( '»tit  iiiu  eil . 

I  prc)«nik>r,  I2m<mtli»<,  III  $s5 CI,(KiO.OII 

1  l.rfi«raH)r,  I2iii(mtl]f.,  al  $.1.-1 1,020.011 

1  iin-jiaraUir.  TJ  mimthH,  Ht  *wi> iWO.flO 

I  jnvi«nit<ir,  r  iiKinthw,  iit  ¥7.i 52.^00 

1  lin!iwrat.<r,  tiiii<)ntliNUii'M:l<lH.VMUf:o 452..t0 

1  inv|>aral<ir,  7  limiitliH  miil  S  days,  iit  fftit) i'.iT.  14 

i  [.n.'[«ral<ir,  1 2  iiiolitliH,  atU-'r -''HO.  00 

1  |.rvj)arat..r,  fl  m until h  and  l-'i  .ky^,  al  SJo 211.77 

I  lU'tinK  t'hii-l  taxideniiiHt,  1  niontli  aixl  :l  ilays,  »t  ?I2.> . .  KI7. 10 

1  taxiilemiii't,  12  montlis,  at  $100 1,200.00 

1  taxideniiixt,  12  iriimlhs,  at!fi<MI 1,0X0.00 

1  taxiilfmiiKi,  1  iiioiilh  ami  11  .lajc,  al  i'Tri il6.  77 

1  laxii)i'rtiii>'l,  12niiinthH  hi  ^H) 720.1KI 

(ii;(,i}89.B7 

Clfrii-al  Htaff: 

1  diiet  dork,  4  iiuinthH,  atf20)<.:l4;  S  muiitliH.  at  »i2l)M,;l;J.'  2,  .WO.  00 

1  editor.  12  monltiH,  at  JIH7 2, 0«H.  00 

1  ohiet  of  (iivisi.m,  12  iiiontliw,  at  ?200 2, 400. 00 

1  registrar,  12  months,  at  ¥107 2, 004. 00 

1  liiabureini!  derk,  12  inontliH,  alfllfl.tlT l,4tX).04 

•  I  aeoiatant  liUrarian,  12  iiiontlio,  al  f  l.'t:i.:i:t 1,599.9« 

1  rt#nograph*r,  12  months,  at  $l(«.lltt 1,999.92 

1  stenugrajiht^r,  12  inonthc,  at$12.T - 1,600.00 

1  sten<)gra|iher,  12  months  at  $tt0 1,080.00 

1  Bl«]io)cra|)her,  0  months,  atf&'t;  ti  iiioiilli>i,  at  $75 900.00 

1  Kl«n(i)fraphi^r  anil  tj|x;writer,  9  nionthx  and  1 1  day,  at 

$7.1;  l«<layp,  atfHO;  23  day^  at  $2 '. ....  7Wl, SO 

1  stenographer  ami  tyiH'writcr,  11  immtliK  and  12  days, 

at  ISO 5(i9. 35 

1  ntfinographer  and  typewritiT,  H  iiiontlis  and  !>  ilayi",  at 

$J0 408,06 

1  Btenographer  and  tyiWBTityr,  3  months  anil  28  dayc,  al 

$50 .' 19.^.  IS 

1  BtenoRmpher,  2  months  aii<i  48  days,  at  f.50. 178. 39 

J  tyjtewriter,  «  numtha,  at  $85;  6  moiitliH,  at  $7.5 960. 00 

I  ty[>ewriter,  12  moutlis,  at  ¥70 840.00 

1  typewriter,  12nH>iithw,  alfai , 780.00 

I  tyi««riler,  10  mouths  and  10  day;-,  nt  ¥4-i 4(i4.52 

1  i-l.'rk,  12  months,  at  $12.'> I.. -.00, 00 

1  rliTk,  12nionthi',  at  $12.T l,.V)0.00 

1  d<>rk,  emonths,  at$iL'-'i 7.''>0.l» 

1  derk,  12  montlif>,  at  ?l!,i 1, 'ISO. 00 

1  derk,  12  mouths,  at  ?HH1 1, 200. 00 

1  derk,  12  months,  at  $100 1,200.00 

Idcrk,  12  months,  at  ?lfK) .  1.2(M).00 

1  derk,  6  montlm,  at  $UK);  0  iiiuntlis,  iit  $!tO 1, 140,  0;l 

1  derk,  12  montlm,  atSSO 9fH1.00 

1  derk,  12  month.',  at  $7.i IIOO.  00 

1  dtrk.  l2i.iontlis,  at^^'i mxi.OO 

1  derk,  J2  months,  at  ?7--i 900,00 

1  derk  and  preparator,  12  months,  at  ¥73 iMXI.OO 

Iderk,  6moiiths,  at$75:  d  months,  at  ?70 870.00 

I  derk,  12inonthM,  al  *'H} 720.00 

1  ai-tJnKprf.iK.Tty  i-lcrk,  12  iikhlIIik,  iii  m^ 720,00 
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Clerical  rtafi— Continued. 

1  clerk,  12month8,  at  $60 $720.00 

1  clerk  and  preparator,  12  uionthB,  at  $60 720. 00 

1  clerk.  6  months,  at  $60 360.00 

1  clerk,  fl  months,  at  $60,  6  months,  at  $50 660, 00 

1  clerk,  12  months,  at  $65 660.00 

1  clerk,  12  inonthe,  at  $55 660. 00 

1  clerk,  7  mootha  and  32  days,  at  $55 443. 19 

1  clerk,  12  months,  at  $50 600.00 

1  clerk,  12  months,  at  $50 600.00 

I  clerk,  10  months  and  25  days,  Bt  $50 540.32 

1  clerk,  8  months  and  83  daye,  at  $.'iO 536.  77 

1  clerk,  12  months,  at  $40 480.00 

1  clerk,  10  months  and  57  days,  at  $40 474. 80 

Iclerk,  12monlh8,  8t$35.... - 420.00 

1  clerk,  6  months  and  21  days,  at  $30 200. 32 

1  copyist,  25  days,  at  $50 41.67 

1  copyist,  12  months,  at  $40 480.00 

$47, 966. 97 

Buildings  and  labor: 

1  superintendent,  9  months,  at  $250 2, 260. 00 

1  general  foreman,  12  months,  at  $122.50 1,470.00 

1  foreman,  12  months,  at  $50 600. 00 

1  carpenter,  8  days,  at  $3 24. 00 

1  acting  captain  of  wsich,  105  days,  at  $3 315.00 

1  lieutenant  of  watch,  12  months,  at  $70 S40.00 

1  watchman,  12  months,  at  (65 780.00 

1  watchman,  1  month,  at  $64;  6  months,  at  $60;  46  days, 

at  $1.50 514.84 

1  watchman,  12  months,  at  $60 ,  720.00 

1  watchman,  12  months,  at  $60 720. 00 

1  watchman,  12  months,  at  $60 720,00 

1  watchman,  12  months,  at  160 720, 00 

1  watchman,  12  months,  at  $60 '- 720.00 

1  watchman.  12  monllia,  at  $60 720.00 

1  watchman,  12  month?,  at  $60 720. 00 

1  watchman,  12  months,  at  $60 720. 00 

1  watchman,  12  months,  at  $60 720.00 

1  watchman,  S  months  and  10  days,  at  $60 490. 36 

I  watchman,  6  months  and  67  days,  at  $60 483. 87 

1  watchman,  3  months,  at  $60 180. 00 

1  watchman,  2  months  and  15  days,  at  $60 147.50 

1  walchman,  12  months,  at  $56 660.00 

1  walchman,  12  months,  at  $55 660.00 

1  watchman,  12  months,  at  $f6 660.00 

1  watchman,  12  months,  at  $55 660.00 

1  watchman,  12  months,  at  $55 660.00 

1  watchman,  12  months,  at$55 660.00 

1  walchman,  1 2  months,  at  $55 660. 00 

1  walchman,  10  months  and  17  days,  at  $55 680.16 

1  watchman,  8  months  and  17  days,  at  $55 3W.  IS 

1  watchman,  4  months  and  20  days,  at  $55 259. 29 

1  watchman,  4  months  and  18  days,  at  $55 256.36 

1  watchman,  1  month  and  9  days,  at  |55 TO.  97 

1  watchman,  12  months,  at  $40 480.00 

8H 1901—111  Ckiogic 
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Buildingfi  and  labor — Continued. 

1  skilled  laborer,  7  months  and  16  dafe,  at  160 $150. 00 

1  BbJIIed  laborer,  4  months,  at  $60 240. 00 

1  skilled  laborer,  8  months  and  99  days,  at|&5 586.50 

1  skilled  laborer,  9  months  and  16  days,  at  955 523.86 

1  skilled  laborer,  12  months,  at  »0 600.00 

1  skilled  laborer,  I  month,  15  days,  at  $50 76. 00 

1  workman.  310  dayn,  at  $1.50 465. 00 

1  workman,  205i  days,  at  $1.60 308.25 

1  laborer,  1  month,  46  days,  at  $60 126. 70 

1  laborer,  2  mooths,  at  $50 100. 00 

1  laborer.  26  days,  at  $50 42.10 

1  laborer,  12  months,  at  $45 540.00 

1  laborer,  1  month,  38  liaye,  at  $45 100. 89 

1  laborer,  1  month,  at  $46 46. 00 

1  laborer,  31  days,  at  $45 46.16 

1  laborer,  12  months,  at  $40 480.00 

1  laborer,  12  months,  at  $40 480,00 

1  laborer,  12  months,  at  $40 480. 00 

1  laborer,  7  months,  at  $40;  131  days,  at  $1.50 476.50 

I  laborer,  4jnonthp,  at  $40 160.00 

1  laborer,  4  months,  at  $40 160. 00 

1  laborer,  3  months.  34  days,  at  $40 164. 42 

1  laborer,  2  months,  15  days,  at  $40;  247  days,  at  $1.50  . .  470. 50 

1  laborer,  12  months,  at  $35 420. 00 

1  laborer,  9  months,  44J  days,  at  $26 261. 31 

1  laborer,  1  month,  at  $25 25.00 

1  laborer,  5  months,  17  days,  at  $20 110.97 

1  laborer,  3  moiitliB,  27  days,  at  $20 78. 00 

1  laborer,  336i  days,  at  $1.75 588.88 

llaborer,  337  days,  at  $1.60 506.60 

1  laborer,  305  days,  at  $1.75 633.75 

1  laborer,  a'M  days,  at  $1.75 584.50 

1  laborer,  292  days,  at  $1.76 : 511.01 

1  laborer,  7  days,  $1.75 12.25 

llaborer,329J  days,  at  $1,50 494.26 

1  laborer,  324J  days,  at  $1.60 486.75 

1  laborer,  317i  days,  at  $1.50 476.26 

llalwrer,  315  days,  at  $1.50 472.50 

llaborer,  3]2Jdsy8.  at$1.60 468.75 

1  laborer,  312  days,  at  $1.60 468.00 

1  laborer,  312  days,  at  $1.50 468.00 

1  laborer,  312  days,  at  $1.50 468.00 

1  laborer.  312  days,  at  $1.50 468.00 

1  laborer,  3101  days,  at  $1.50 465.76 

1  Uborer,309J  days,  at  $1.50 464.25 

1  laborer,  263  days,  at  $1.50 394.50 

1  laborer,  221  days,  at  $1.60 S31.50 

1  laborer,  156  days,  at  $1.50 234.00 

1  lalwrer,  l(fi  days,  at  $1.50 157.50 

1  laborer,  105  davs,  at  $1.60 157.50 

1  latorer,  104  days,  at  $1.50 1.56.00 

1  laborer,  97  days,  at  $1.50 145.50 

1  laborer,  "1  daya.  at$1.50 136.50 

1  laborer,  91  days,  at$1.50 136.60 
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BEPOBT   OF   THE   EXECUTIVE   COMMITTEE.  XXXV 

BuildiDKB  and  labor— Continued. 

1  laborer,  79  days,  at  «l.50 $118.50 

llaborer,  SOdays,  Ht$1.50 76.00 

1  laborer,  46  days,  at  J1.50 66.00 

1  Uborer,  42  days,  at  11.50 63.00 

lUborer,  39  days,  at  11.50 68.60 

1  laborer,  39  days,  at  11.50 58.50 

1  laborer,  34i  days,  at  11.60 51.75 

1  Uborer,  34  daye,  «t|1.50 81.00 

1  laborer,  31i  days,  at  11.50 47.25 

1  Uborer,  27  days,  at  Jl. 60 40.60 

lUboniT,  21  days,  at  $1.50 31.60 

1  Uborer,  19  days,  at  $1.50 28.50 

1  Uborer,  18 daye,  at $1.50 27.00 

llaborer,  ISdaye,  at«,60 19.60 

1  Uborer,  13  days,  at  $1.50 19.60 

lUborer,  6dftyB,at$1.50 9.00 

1  laborer,  61  days,  at  $1.60 8. 63 

1  laborer,  5i  days,  at  $1.60 7.88 

1  laborer,  5  days,  at  $1.50 7.60 

1  laborer,  4  days,  at  $1.60 8.00 

1  laborer,  3i  daye,  at  $1.60 5.25 

1  meaaenger,  10  months,  25day%  at  $00 648.39 

1  menenger,  23  days,  at  $45 33.39 

1  meesenger,  3  months,  20  days,  at  $35;  6  months,  at  $2S.  278. 33 

1  messenger,  6  months,  at  $36;  1  month,  16  days,  at  $26  .  247. 50 

1  meesenger,  5  months,  at  $25 126. 00 

■,  1  month,  28 days,  at  $26 47.58 

10  days,  at  $25 16.13 

1  racMenger,  1  month,  at  $20 20. 00 

I  attendant,  12  months,  at  $40 480.00 

1  attendant,  317  days,  at  $1.50 476,60 

1  attendant,  37  days,  at$l 37.00 

1  attendant,  26  days,  at  $1 26, 00 

1  attendant,  18  days,  at  $1 18. 00 

1  attendant,  6  days,  at  $1 6. 00 

1  attendant,  2days,at$l 2.00 

1  cleaner,  1  month,  at  $47;  I  month,  at  $41;  3  months,  at 

$36.50;  5  months,  at  $35;  2  months,  at  $38 448.50 

1  cleaner,  3  months,  at  $30;  2  months,  at  $33;  3  months, 
at  $31.60;  2  months,  at  $34,60;  1  month,  at  $36;  1  month 

at  $36.76 392.25 

1  cleaner,  12  months,  at  $35 420.00 

1  cleaner,  11  months,  29  days,  at  $36 418.83 

1  cleaner,  12  months,  at  $30 360. 00 

I  cleaner,  12  months,  at  $30 360.00 

1  cleaner,  10  months,  60  days,  at  $30 356.07 

1  cleaner,  9  months,  83  days,  at  $30 352.03 

1  cleaner,  2  monthe,  16  days,  at  $30 76.00 

1  cleaner,  2  months,  at  $30 60.00 

1  cleaner,  17 J  days,  at$l 17.75 

$45,540.06 

Total  expenditure  for  salaries 188, 846. 46 


;,Ca)1>^Ic 


RKPORT   OF   THE    EXECUTIVE   COMMITTEE. 


PKESERVATION  OF  fOLLECTHINS,  II 


BakDC»  as  per  report  July  I,  1900 $9, 15 


(July  1, 1«0D.  loJuneSO,  IMt.] 

Special  eervicee $525. 02 

Miticellaneous: 

Supplies 11,016.14 

Stationery 397. 07 

Freight 383. 00 

Travel 296.53 

SpeeimeDB ft,  763. 18 

Drawinn^ 421. 4» 

«,277.41 

ToUl  espenditurea J8, 802. 43 

Balance  July  1,  1901 331. 39 

FRESERVATIOK  OF  COLLECTIONS,  IWO. 
ToUU  ttal^ment  of  receipit  inrf  frjiendilureii. 


Appropriation  b;  CcngresB,  act  March  3,  1899 $170,000.00 

(July  1,  1W9.  )o  June 30.  130].] 

Salaries  or  com  peneation  $145,476,10 

Spetial  services 1,751,32 

Total  eerviees (147,227.42 

Miecellaneous: 

Drawings  and  illuetratioDS 904. 99 

Supplies 4,286.47 

Stationery 1, 800. 82 

Specimens 10, 569. 52 

Travel 2,360.06 

Freight 2,519,33 

Total  miscellaneouB 22, 441. 10 

Total  expenditures $lflK,  668. 61 

Balance  July  1,  1901 331. 39 

PRESERVATION  OP  COLLECTIONS,  IKM. 

Balance  as  per  last  report,  July  1,  1900 $1.53 

Balance  carried,  under  the  provisions  of   Revised  Slatutcs,  section  3090,  hy  the 
Treasury  Department  to  the  credit  of  the  t^urplUH  fund,  June  30,  1901. 
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REPORT   OF   THE    EXECPTIVE   COMMITTEE. 
NATIONAL  ML'BEfM— FURNITLRE  AND  FIXTURES,  1901. 


Appropriation  by  Coogreee  for  the  fiscal  year  ending  June  30,  1901,  "for 
raees,  fumitare,  fizturee,  and  appliancee  required  for  the  exhibition 
and  nafe-keeping  ot  the  collectionH  of  the  Sationai  Museum,  including 
$2,500  for  furnishing  new  lecture  room  and  including  salaries  or  com- 
peneation of  all  necessary  eniployeee"  (sundry  civil  act.  June  6,  1900)-  $17,600.00 


[JUI7I,  l«».toJuneaB,  IWl-l 

Rtgal«. 

^r  1  To-i. 

"'"u'bo 

IMTSO 

18,642.78 
»6,7».» 

ti.OK.K 

(M7.S0 

lIlKellaDGOiu: 

W.lb 
388.42 

II 

a».S6 

41 

17.17 
82. 8» 

8.2G 
480.00 
331.00 

»stm 

0,S74.67 

ta,m.B) 

ti,m.n 

n,o»e.23 

FUHNITURK  AND  FIXTURES.  1801. 

Analytie  0/ expendiiuret  for  talarie$  or  compeiualion. 

1  superintendent  of  conetruction,  9  monthe,  at  $127.50 $1, 147.50 

1  carpenter,  290  days,  at  $3 870.00 

1  carpenter,  236  daya,  at  $3 708. 00 

1  carpenter,  234  days,  at  $3 702.00 

I  carpenter,  196  days  at  $3 588.00 

1  carpenter,  127  days,  at  $3 381.00 

I  carpenter,  100  days,  at  $3 300.00 

1  carpenter,  90  days,  at  S3 270. 00 

1  carpenter,  78  days,  at  $3 234.00 

1  carpenter,  34H"y8.  "$3 103.50 

1  carpenter,  341  day?,  at*3 102.76 

1  carpenter,  33  days,  at  $3 99.00 

1  carpenter,  26  days,  at  S.'i 7H.0O 

lcar|>enter.  19  days,  at  $3 57.00 

1  carpenter,  18}  days,  at  $:! 55.50 

1  carpenter,  14  days,  at  $3 42.00 


XXXVni  KKPOBT   or   THE   EZKODTrTE   OOMldTTBE. 

1  skilled  Uborer,  S  monUiB,  at  $83.3S Mie.aS 

1  akUled  laborer,  1  moBlh,  «t(72;  2  montlw,  at  $60 192.00 

lakilled  laborer,  3  months,  110  days,  at  966 431.38 

1  akilled  laborer,  104  days,  at  $2 208.00 

1  flkilled  laborer,  64  days,  at  »2 108.00 

1  skilled  Uborwr,  10  days,  at  f2 20.00 

I  painter,  5  months,  at  J76 375. 00 

1  workman,  236  days,  at  $1.78 413.00 

1  laborer,  49 days,  at tl.60 73.60. 

1  laborer,  46  days,  at  11.60 67.50 

1  laborer,  27  days,  at  W.50 40.80 

8,083.7S 

1  painter,  1  month,  at  975 76.00 

1  carpenter,  46  days,  at  93 136.00 

1  carpenter,  27  days,  at  93 81.00 

1  carpenter,  20  days,  at  93 80. 00 

1  carpenter,  18  days,  at  93 64. 00 

1  sUUed  laborer,  27  days,  at  92 64.00 

1  skilled  laborer,  24  days,  at  92 48.00 

1  laborer,  27  days,  at  91.50 40.60 


FURNITURE  AND  FIXTURES,  IMO. 
KBCElPn. 

«  per  report  July  1,  1900 
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KEPORt  O?  TH£  EXBOUTIVE  COMJilTTEE. 


PUBNITUBE  AND  FIXTURES,  ISTO. 
TbCoI  MaUmait  of  receipt*  and  e^cpenditarei 


Appropriation  by  Congren,  act  of  March  3,  1890 

BIPBIIDITUKB8. 

[July  1,  ISW.  to  lane  X.  IS'l.] 


1  BegulM. 

a^leritt. 

TotBl. 

eerrfc**: 

f;,8&S.T7 

B.BIS.80 

7,880.99 

3. 918. GO 

111.799.49 

402.40 

151.84 

■•11 

442.00 
148.  Tft 

lis 

2.*  60 

3,068.50 
286.78 
778.20 
641.96 

2,887.60 

IKS 

82.66 

Ml,  61 
442.00 

Si 

80.00 

672.02 

8.16 

14.998.44 

»,W,71 



FURNITCRS  AND  FIXTURES,  1S99. 


t>  July  1,  1900,  aa  per  Imt  report $1. 35 

Bal&Dce  carried,  under  proviaione  of  section  3090,  Revised  Btatutex,  by  the  Treas- 
ury Deportment  to  the  credit  of  the  surplus  fund,  June  30,  1901. 

NATIONAI,  MUSEUM-HEATINa  AND  LIGHTING,  ETC..  1901. 


Appropriation  by  Congress  for  the  Hscal  year  ending  June  30,  1901,  "for 
expense  of  heating,  lighting,  electrical,  telegraphic,  and  telephonic 
service  for  the  National  Museum,  including  $3,500  for  electric  installa- 
tion "  (sundry  civil  act,  June  6,  1900) tl7, 600. 00 

KUpBMDirtniffi,  ttKoin^B. 

{July  1, 1900,  to  June  SO,  1901.] 

Salaries  or  compensation $6,097. 07 

Special  services 64.60 

Total  servicM $6, 161. 67 


XL  REPORT   OP   THE   EXECUTIVE   COMMITTEE. 

Miflrellaneoue: 

CiMlMdwood $3,531.85 

Gm 1,131.90 

Benul  of  call  boxes 100. 00 

Electrical  mippliea 311.44 

ElectriHty 477.71 

Heating  supplies 601. 71 

Telefcnuns 29. 17 

T«lepbonee 434. 66 

Total  miflcellaneoQS,  regular $6,518.43 

Total  n^olar  eipenditDre $12, 680. 10 

ELECTRIC  INSTALLATION. 


Appropriation,  "*    *    *    including  $3,500  for 
electric  iuKlallation." 

■xPBNDmmBB. 

SalarieR  or  compenaation $858. 40 

Special  Hervicea 3. 00 

Total  eervicsB $861.40 

Miicellaneons: 

DiawingB 55. 50 

Supplies 1 ,  631. 36 

Tools 20.  U 

Woodwork 328.30 

Travel 35.11 

Total  tniscellaneoua  inatallation 2, 070. 41 

Tulal  inatallation  expenditore $2,931.81 

Total  expenditare $15, 61 1 .  91 

Balance  July  1,1901 1,888.09 

RBATINU  AND  LIOHTINO,  1W1. 
Amdynt  of  exprndilmt*  fir  tataritt  or  eomveiaalimi. 

I  engineer,  12Dionthe,  at  $122.50.. $1,470.00 

I  telephone  operator,  5  montha,  17  daye,  at  $40;  169  days  at 

$i.50 475.44 

I  fireman,  12  monthn,  at$«0 720.00 

I  Breinan,  12  moathH,  at  $5.S 660.00 

1  akilled  laborer,  12  moDtha,  at  $75 900.00 

lBkil1e<1  laborer,  12  months,  at  $65 780.00 

1  UUn»T,  307i  clayB,  at  $1.75 538. 13 

1  tahorer,  ZiH  days,  at  $1.50 357. 00 

1  Uborer,  25dayB,  at  $1.50 37..50 

Icoal  pawer,  106  <Uya,  at  $1.50 159.00    , 

$6,097.07 


REPORT   OF   THK   EXECUTIVE   COMMITTEE. 

£le('tric  in^llation: 

1  fttting  electrical  foreman,  5  month b,  at  $83.33 ?416.65 

1  skilled  laborer,  18  dayt.,  at  $3 54. 00 

1  laborer,  791  days,  at  51.60 119.25 

1  laborer.  74  <laye,  at  $1.50 111.00 

I  laborer,  r,2  days,  at  51.50 78. 00 

1  laborer,  42i  daya,  at  $1.50 «3.  75 

1  lalwrer,  lOJ  days,  at  1.50 15,  75 

HEATlNIi  AND  LI(iHTIS<;,  Ism. 


Balance  aa  per  report  July  1 ,  1900 1561 .  «6 


IJuly  I,  IKW,  lo  June  30. 190I.I 

MJpcellaneouH: 

Coal  and  wooil $17. 3t 


Rental  of  call  boxes  . 
Eloctrioal  anpplieB — 

Electricity 

Heating  supplies 

Tel^rams 

Telephones 


Total  miBcellaneous 

Balance  July  1 ,  1901 

Tiil'il  ttatemeiit  nf  rtcfijiU  and  ejipendilvrfii. 


Appropriation  by  Congrew  July  1,  189H  (act  of  March  3.  1899) $14, 000. 00 

[July  1. 1B99.  tu  Juno  30, 1901,] 

Salaries  or  pompengation $6, 676. 65 

Special  services 8. 00 

Total  eervicew $6, 684. 65 

Miscellaneous: 

Coal  and  wood Sit,  666. 45 

Gas 1,208.10 

Rental  of  .all  boxes 120. 00 

Klectrical  supplies 644.45 

Electricity 332.76 

Heating  supplies 723. 53 

Telepra:n8 37. 60 

Telephones 582. 44 

Total  tnisi'cllaneous 7,315.3:1 

Total  expenditures $13, 9»fl.  98 

Balaiici'  July  1 ,  1901 


C.oo^fc 


XLII  BKPOBT   OF   THE   EXECUTIVE   COmHTTEIC. 

HEATINO  AND  UO HTINQ.  IHN. 

BaUnce  July  I,  1900,  as  per  last  report tO.  01 

Balance  carried,  UDder  pro visionB  of  section  3090.  Reviaeal  St*lute«,  by  the  Treasury 
Department  to  the  credit  of  the  surplus  fund,  June  30,  1901 

NATIONAL  HUSEirH— POSTAaE.  ISOl 


Appropriation  by  Congress  for  the  fiscal  year  ending  Jnae  30, 1901,  "for  poet- 
age  stamps  and  foreign  pcetal  cards  for  the  National  Museum"  (sundry 
civil  act  Jnne  6,  1900 )  HOO.  00 


[July  1. 1«00,  lo  June  W.  IWl.] 

nps  and  cards $600. 00 

NATIONAL  UUSEUH— PRINTINI)  AND  BINDING.  IWl. 


Appropriation  by  Congrewfor  the  Sacal  year  ending  June  30,  1901,  "for 
the  Smithsonian  Institution,  for  printing  labels  and  blanks  and  for  the 
'Bulletins'  and  'Proceedings'  of  the  National  Museum,  the  editions  of 
which  shall  not  be  less  than  tbrc«  thousand  copies,  and  binding  in  half 
turkey  or  material  not  more  eipenaive,  scientific  booke  and  pamphlets 
presented  to  and  acquired  by  the  National  Museum  library  " |17, 000. 00 


[July  1, 1S0O,  to  June  30,  IWl.] 

Bulletinaol  the  Museum $4,9*6.47 

Proceedings  of  the  Museum 8, 076.  74 

Labels 584.82 

Blanks 252.72 

Envelopes 44. 60 

Cards 50.09 

Binding 1,412.13 

Congressional  Record 16. 00 

Congressional  documents 188.34 

Report 7. 61 

Total  expenditunai $15, 678. 52 

Balance  July  1,  1901 1, 421. 48 

NATIONAL  MUSEUM— RENT  OF  WORKSHOPS,  1901, 


Appropriation  by  Congress  for  the  fiscal  year  ending  June  30,  1001,  "tor 
rent  of  workshops  tuid  temporary  storage  quarters  for  the  National 
Museum"  (sundry  civil  act,  June  6,  1900) HOW. 00 


^dbyGOQl^lC 


BBPOBT   OF   THE    EXECUTIVE    COMIIITTEE. 


(July  1,  lOOO,  to  JnnelO.  1MI.] 
Bent  of  workebope  and  starage  quartern: 

No.  431  Ninth  street  SW »1,9M.B2 

No.  217  Seventh  fltreet  8W 1,080.00 

No.  313  Tenth  street  SW 600.00 

No.  915  Virginia  avenue  SW  (rear) 360.00 

Total  expenditure (4, 039. 92 

Balance  July  1 ,  1901 .08 

RENT  OF  WORKSHOPS,  IWO. 

Balance  as  per  report  July  1,  1900 $0. 08 

Balance  July  1,  1801 .08 

RENT  OF  WORKSHOPS.  IHW. 

Balance  aa  per  last  report  July  1,  1900 $110. 06 

Balance  rarried,  under  the  provisions  of  the  Bevieed  Btatnt«fl,  secUon  3000,  by  the 
Treasury  E>epartment  to  the  credit  of  the  surplus  fund,  June  30,  1001. 

NATIONAL  UDSEUU— BCILOma  REPAIRS,  ISDl. 


Appropriation  by  Congrees  tor  the  fiscal  year  ending  June  30,  1901,  "for 
repairs  to  the  buildings,  shops,  and  eheds,  National  Museum,  includ- 
ing repairs  of  roof,  and  for  all  necessary  labor  and  material "  (sundry 
civil  act,  June  6,  1900) »16,000.00 


|JuI>- 1.  ItOO.  to  June  SO.  1801.] 

Salaries  or  compensation $7, 661. 44 

Special  services 442. 85 

Total  services $8. 104. 29 

Miscellaneous: 

Terrazzo  and  tile  floora $2, 037. 01 

LuD)ber 286. 57 

Cement,  gravel,  sand,  etc 475. 60 

Hardware  and  tools 1 70.  79 

Painis,  oils,  brushes 229. 79 

Skylights  and  ventilator 240. 00 

Steel  pUtes,  angles,  panels,  etc 1,122.09 

Drawings 281. 50 

Advertising 41.26 

Travel 52.35 

Woodwork ■. 242.62 

Bricks 59. 50 

GluB 3.80 

Decorating  walls  and  ceilings 767. 90 

Total  miscellaneous 6, 010. 78 

Total  expenditure* $14,115.07 

Balance  July  1,  1901 ,         ^;^,- 

o 


XLIV 


RKPORT   OF   THE   EXECUTIVK   COMMITTKE. 


B''ILniKO  REPAIRS.  1901. 

1  BuperiDtendent,  2  monthn,  at  |260 |S00. 00 

1  BUperintendeDt  of  conBtniction,  3  monUu,  at  $127,50 382. 50 

1  stenotnspher  and  typewriter,  22  days,  ■tJ2 44.00 

Icarpeoter,  234)  days,  at  $3 702.75 

1  mrpenter,  109  dajH,  at  $3 327. 00 

1  (vrpeDtor,  105}dayM,  atfS 317.25 

1  <:arpent«r,  80  days,  at  «3 240. 00 

1  carpeuter,  78  daye,  at  $3 234. 00 

1  carpenter,  26  dayM,  at  f3 78, 00 

1  carpenter,  12  days,  at  ?3 36. 00 

I  carpenter,  lOdayis  at$:J 30.00 

1  carpenter,  4  days,  at  t3 12. 00 

1  brickUyer,  9  days,  at  $4 36. 00 

1  bricklayer,  0  days,  at  $4 36.  OO 

1  plumber,  48  days,  at  $3.50 168. 00 

1  painter,  3  months,  15  days,  at  ¥75 2«2. .» 

1  worktnan,  78  days,  at  tl. 75 136.50 

1  skille<l  laborer,  10  months,  42i  days,  at $70... 795.97 

1  skilled  laborer,  4  months,  19  days,  at  $65 :{01.17 

1  ekilletl  laborer.  1 24 i  days,  at  $2 249.00 

1  Hkilted  laborer,  4  months,  at  $60 240. 00 

I  skilled  Ial>orer,  1  Ifli  days,  at  $2 237. 00 

1  skilled  laborer.  WJ  days,  at  $2 189.00 

1  skilled  laliorer,  2  month-,  at  $83.33 166. 66 

I  8kille<l  lalwrer,  43J  days,  at  $2 87. 00 

1  skilled  laborer,  28  days,  at  $3 84.00 

1  skilled  lal)orer,  25  days,  at  *2 50. 00 

I  skil1e<l  laborer,  20J  days,  at  $2 41.00 

1  skilled  laborer,  4}  days,  at  $2 9. 00 

1  laborer,  77 J  days,  at  $1.75 lii.ta 

I  laborer.  31 J  days,  at  $1.75 55. 13 

1  laborer,  253)  days,  at  $1.50 38.4.  75 

1  laborer,  225  days,  at  $1.50 3:17.  -W 

1  laliorer,  l74H&yH,  at  $1.50 '»1.38 

I  laborer,  86  days,  at  $1.50 129. 00 

1  laborer,  SI  days,  at  $1.50 121. 50 

1  lalKirer,  81  days,  at  $1.50 121.  .W 

1  laborer,  44JdayBi  at  $1.50 66.75 

1  laborer,  30  days,  at  (1  ..*)0 45. 00 

1  laborer,  4  days,  at  $1.50 6. 00 

$7,661.44 

BUII.DINU  REPAIRS,  1900. 

RECKitrrs. 
Balance  as  per  reiH)rt  July  1,  1900 $251. 07 

(JiilyMWO,  t"  June  30,  IMl,] 

Iron  columns $98. 45 

Glass 4,00 

Miscellaneons  wcmlwork (SO.  ()0 

Cement,  jfravel,  iimrtar,  planter 45. 77 
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Haniwan- '. 815. 50 

Paint 1,50 

Drawin)^  anil  plann 2B.  00 

Ti.tal $250. 22 

Balant'C  July  1,  1901 .85 

BUILDINIi   BKPAIBS.  1900. 
Tolal  ttaUment  of  receipU  and  expenililuret. 

Appropriation  by  Congress  March  3,  1899 $6, 000. 00 

[July  1,  1R99,  lo  June  30,  IBOI.) 

Salari^  (ir  compensation $1,833.55 

Miticellaneoiuc 

Terrazzo  floora |2, 166, 31 

Cement,  sanrt,  mortar,  linie,  gravel,  etc 299. 22 

Hardware 58.94 

Rtints  and  oils 101.82 

Glass 182.31 

Steel  beams  and  angles 457, 23 

Iron  columns 98, 45 

Drawings,  decomting  walls,  el'" 392. 25 

Cloth  and  paper 19.88 

Doors  and  molding 320. 20 

Lnmber 65. 06 

Bricks 13.93 

Removing  dirt 10.00 

Total  misiwllaneous 4, 165, 60 

Total  expendilnreo ,  $5, 999. 15 

Balance  July  1,  1901 .ft5 

•  BUILDING  REPAIRS,  IXW, 

Balantv  as  per  report  July  1 ,  1900 $0. 01 

Balance  I'arried,  under  provisions  of  Revised  Statutes,  section  3090,  by  the  Treasury 
Department  to  the  credit  of  the  surplus  fund,  June  30,  1901. 

.VATIONAL  MUSEUM— G A LLERIKS,  1899, 

Halance  as  per  report  July  1,  1900 $205.  79 

[July  1. 1900,  la  June  30. 1901.] 

Ironwork $205.12 

Bdlance 67 

Balance  carried,  under  the  provisions  of  B-viseil  Statutes,  section  3090,  \iy  the 
Treasury  Department  to  the  credit  of  the  surplus  fund,  June  30,  1901. 
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OALLERIBS,  ISO. 

Total  lUaUmtnt  0/  reeeiptu  and  erpenditxira. 


Appropriation  by  Congicm  July  1.  1898 $10,000.00 


[Jnly  1, 1808,  to  Jane  80,  IWl.] 

Salaries  or  compensation $940. 59 

Ransome  arches 1 ,  600. 38 

Ironwork 3, 527. 35 

TerrazEO  and  marble  floor 1,295.09 

Hardware  and  tools 64. 56 

Lumber 103.34 

Cement,  etc 234.45 

Drawings  and  blue  prints 85. 00 

Advertising 61. 07 

Paint 26. 66 

Bricke 46.00 

Woodwork 156.00 

Canvas 2fl.  21 

Skylight  and  ventilators 1, 782. 20 

Travel 23.10 

Sheeting 21.12 

Paper 5.  K 

Total  expenditun^B |9, 909. 33 

Balance 67 

Balance  carried,  under  the  provisions  of  Revised  Statutes,  section  3090,  by  the 
Treasury  Department  to  the  credit  of  the  surplus  fund,  June  30,  1001. 

NATIONAL  MUBEUH— SOOK8.  lOOl. 


Appropriation  by  Congress  for  the  fiscal  year  ending  June  30,  1901,  "(or 
purchase  of  books,  pamphlele,  and  periodicals  for  reference  in  the 
National  Museum "  (sundry  civil  act,  June 6,  1900).., $2,000.00 


(Julf  1,  lew,  toJuDeSo.  iwi] 
For  pitrehaHC  of  books,  pamphlets,  and  periodicals  from  July  1,  1900,  to 
June  30,  1901 $1,141.96 

Balance  July  I,  1901 858.04 

UOOKS,  I»00. 


IB  per  report  July  1,  1900 $878. 72 


[July  1,  l«00, 10  June  80. 1901.) 

For  purchase  of  books,  pamphlets,  and  periodicals  from  July  1,  1900,  to 
June  30,  1901 $848.08 

Balance  July  1,  1901 30.64 


REPORT   OIT   THK    EXKCUTIVE    COMMITTEE.  XLVII 

BOOKS,  19C0. 
ToUU  itaitoieiit  of  receipli  aitd  e-rpenditura. 

HBCEIPTH. 

ADpropriation  by  Congress  March  3,  1899 $2, 000. 00 

[July  1, 1S»,  to  JoIt  30.  IMIt.) 
For  purchaee  of  hooks,  pamphlets,  and  periodtoilB (1,069.36 

Balance  July  I.  1901 30.64 


aa  per  report  Jnly  1 ,  1900 t26. 08 

E^pBNnmjREB. 

[July  1, 1900,  to  June  30,  ISOl. I 

For  purchaee  of  books,  pamphlets,  and  periodi(»ls $17.25 

Balance 7. 83 

Balance  carried,  under  provieionfi  of  Revised  Statutes,  section  3090,  by  the  Treas- 
nry  Depwlment  to  the  credit  of  the  surplus  fund,  June  30,  1001. 

BOOKS.  18W. 
T^al  ihtUinenl  o/  reedpU  and  expendibtra. 

BSCBIPT8. 

Appropriation  by  Oongree  July  1, 1898 $2, 000. 00 


[Julr  1. 1S98,  to  June  80, 1801.] 

of  books,  pamphlets,  and  periodicals $1,992. 17 

Balance 7. 83 

Balance  carried,  under  provieions  of  Kevieed  Statutes,  section  3090,  by  the  Ttmb- 
ury  Department  to  the  credit  of  the  surplus  fund,  June  30,  1901. 

NATIONAL  MUSEUM— PURCHASE  OP  SPECIMENS,  1901. 
BBCEIPT8. 

Appropriation  by  Con^crese  for  the  fiscal  year  ending  June  30,  1901,  "for 
purchase  of  specimens  to  supply  deficiencies  in  the  coHet^tions  of  the 
National  Museum"  (sundry  civil  act,  June  6,  1900) (10,000.00 


[July  1.  in>,  to  June  30. 1901.] 

For  purchase  of  specimens W,  041. 44 

Balance  July  1,  1901 3,068.66 
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ABTROPHYflCAL  (IBSKRVATORV,  SMITHSONIAN  INNTITrXlllN'.  1! 


Appnipriatioii  by  (^ngrfBS  for  the  6m^\  year  eiulin);  Jimt-  30,  1*11,  "for 
tnainlti)ani«  of  Astrophysi<'al  fHisorvatory,  under  the  direction  uf  the 
Smithtonian  Institution,  int-luilint;  eatarit-^  «l  asaistante,  tht  puri'haae 
of  nCTvwary  IxKiks  ami  peri<Kiical9,  apparatus',  printing  anil  piiblitthinK 
rwultH  of  rcearclKw,  not  exteedintr  one  thousanil  five  hundred  copies, 
repairs  and  alterations  of  biiilding)>,and  miscellaneotiti  expenseti,  twelve 
thoTwand  dollars"  (Buiidry  rivil  a<'t,  June  6,  1900) $12,000.00 


Ralarieo  or  i^ompenfialion: 

I  aid,  12  months,  at*175 ?2, 1110.00 

I  clerk,  1  month,  at  (125 125.00 

1  junior  asfiatant,  12  months  at  ?nO 1,  ;W0. 00 

I  Bl«nugrapher,  12  inonthx,  at  |;I00 1 ,  200. 00 

1  Instninient-iiiaker,  fl  months,  at  $80 720.00 

1  fireman,  12  months,  at  ffiO BOO.  00 

1  photographer,  2fldays,  at  $4.50 i;«l..'iO 

5  i-arpenters,  22  iky c,  a1  $:t (W.OO 

2  paintere,  6  days,  at  (2.80 16. 80 

2  paintere,  6  days,  at  S2 12. 00 

1  )>kille<l  laborer.  4j  days,  at  $70  per  month  ...  10. 10 

I  laborer,  5  days,  at  $1.75 8.75 

6  laborers,  98j  days,  at  $1.50 U7.75 

1  <'leaner,  166  days,  at  $1 166. 00 

Total  salaries  or  compensation $6,622.96 

General  expenses: 

Apparatus $1, 417. 43 

Books 08. 69 

Klectric  power 1 16.  70 

Freight 5.00 

Fuel 61.80 

Drawings  »nd  illustration!! 16. 40 

Lumber 19. 88 

Reports 3, 106. 34 

Stationery,  suppliw,  etc 321. 98 

Traveling  es|>enseB 133. 02 

5, 297. 24 

Total  disbureementa $11. 920. 20 

Balance  July  1,  1901 79. 80 

ASTKOPHVyJCAT,  OBCERVATOHV.  I«W. 

Balance  July  1,  1900,  aa  per  last  rejKtrt $1,215.  78 


Geneial  expenses: 

Apparatus ?MS0.00 

Books :mi.  42 

Freight 1 8. 86 

Fuel 27. m 

Drawi  ((KB. 20. 00 
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General  expenees — Coiitiniieil. 

Electric  power |54. 5fi 

Lumber 3. 36 

■Pnelage  and  telegraph .99 

Services 6. 00 

Supplies 164.27 

Traveling  expenses 17. 00 

Total  (lisbursemeiitB $1, 212. 79 

Balance  July  1,  1901 2.00 

ABTROPHYSIGAL  OBSERVATORY,  ISOT. 

Balance  as  per  last  report,  July  1 ,  1800 $3.  «7 

Balance  carried,  under  the  provisions  of  Revised  Statutes,  section  3000,  by  the 
Treasury  Department  to  the  ciedit  of  the  surplus  fund,  June  30,  1901. 

OBSERVATION  OP  BCUKE  OF  MAY  ffi,  IWO. 

Balance  July  1,  IBOO,  as  per  last  report (1, 529. 20 

DIBBUmByBNTB. 

General  expenses: 

Apparatus ^7. 64 

Freight 62.75 

Supplies 47. 39 

Telephone  and  Ulegraph 33. 48 

Trangportatiou 3. 00 

Trave)  and  field  expenses 189. 20 

Total  diHbursenienta t773. 46 

Balance  July  1,  1901 755.74 

NATIONAL  ZOOUM3ICAL  PARK.  ISOl. 


Appropriation  by  Coiigreaa  fur  the  fiscal  year  ending  June  30,  1001,  "for 
continuing  the  construction  of  roads,  walks,  bridges,  waier  supply, 
sewerage  and  drainage;  and  for  grading,  planting,  and  otherwise 
improving  the  grounds;  erecting  and  repairing  buildings  and  inrlos- 
ures;  care,  subsistence,  purchase,  and  transportation  of  animals,  includ- 
ing salaries  or  com|>ensHlic>n  of  all  necessary  employees,  the  purchase 
of  necessary  books  and  perioilicals,  and  general  incidental  expenses 
not  otherwise  pn)vi<le<l  for,  seventy-five  thouHand  dollars;  one-half  of 
which  mini  shall  Ite  paid  from  the  revenues  of  the  District  of  Columbia 
and  Ihe  other  half  from  the  Treasury  of  the  United  Stales;  and  of  the 
sum  hereby  appropriated,  five  thousand  dollars  shall  be  used  for  con- 
tinuing the  entrance  into  the  Zoological  Park  from  Cathedral  avenue, 
and  opening  driveway  into  Zoological  I^rk,  including  necessary  grad- 
ingand  removal  of  earth:  Provided,  That  the  unexpended  balance  of  the 
amounts,  a^re^ting  eight  thousan<l  dollars,  heretofore  appropriated 
for  widening,  grading,  and  rrgulaling  Adams  Mill  road  from  Columbia 
road  to  the  Zoological  Park  entrance,  is  hereby  reappropriated,  to  be 
expended  under  the  directian  of  the  Commissioners  of  the  District  of 
Columbia;  and  that  the  control  of  Adams  Mill  road  is  hereby  vested 
in  the  stud  Commissioners,  and  all  proceedings  necessary  to  purchase 
8M  1901 rv 
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or  conilciiin  ttie  land  nectHtary  to  widen  Hoiil  mail  aa  authorized  hv  ai't 
apjiroveil  Man;l>  third,  eichtivn  huiitlre'l  and  ninely-nine,  pruvidiuK 
for  sundry  civil  f'x|>cni<«n  of  Ihi?  fioveniiiicnt  for  the  (iHcal  yi'ar  undine 
.Itinc  thirtieth,  nineteen  himilriiil,  and  for  oilier  tnir|>uHex,  ithall  lie 
taken  by  waid  Ccminiiflsionerw"  (sundry  civil  ai-l.  June  6,  1900) V 


Salaried  or  eiini|)enpati<in : 

1  BUperinlendenl,  12  inonthf,  Mfi^'t $2,70<I.OO 

1  proiKTty  clerk,  12  monthM,  at  SI 50 1,800.  IKI 

1  derk,'"  """"'"^  ""^  **' \  1,  ■21)0 

l-lni.)nth^alSllO I 

1  (■..pyiKt.  r.' months,  at  $1X1 1,080.00 

I  rupyiHt,  :iday.-,  at$l..W 4..'iO 

1  HtenoftTajiher,  12  uionths,  at  $62..')<) '.SO.  00 

1  head  keetier,  \2  inonthx,  at  $100 t ,  200. 00 

1  kMper,  12inonthH,  at  $60 720.00 

1  keeper,  IZinontht-,  at  $60 720.00 

1  kei>|>er,  12  months,  at  $60 720.00 

I  keeper,  12  nionthe,  at  $fiO 720.00 

I    landw:a)Nt  gardener,  .*>]  months,  at  $7.^;  2 

months,  8  <layH,  at  $8:1,33 fi01.:i8 

]  aivistant  foreman,  6  nionthti,  at  $60;  6  months, 

at  $65 750.  00 

1  watchman.  12  months,  at  $60 720. 00 

1  watchman,  12  months,  at  $60 720.00 

1  watrhnmn./^  '"""'!'«•  «^  ^'^ I  fttO.  00 

l6  months,  at  ?.>5 1 

1  Idackamith,  12  nionthf,  at  $7.1 900. 00 

1  assixtant  lilaeksmith,  12  months,  at  $60 720.00 

I  workman,  12  months,  at  $60 720.00 

1  workman,  12  months,  at  $.50 fiOO.  00 

I  lid>orer,  12  months,  at  $60 720.00 

1  lalM>rcr,  10^  monthp  and  9  days,  at  $.50 .539.  .'>2 

6  months,  at  $50 

lonths,  at  $.55 

1  lal«)rer,  llj  months,  at $50 .57.5.00 

I  IflhoriT.  2t  mimlhsand  12  days,  at  $20 .58.00 

Total  i^iaries  or  com peti nation $ 

iHi-ellaneonx: 

ItuiLliniTH 1, 3it2.  :«i 

lluililinK  rnalerial 78.  ;f4 

( ■ainera« HH;!.  15 

IVni'injr,  ii4»-  materials,  etc 1,0!!!).  17 

ImhbI 8,  74.5.  In 

KieUht 457.  '-Vt 

Fuel .' 841.  3H 

Furniture 243. 00 

IlhistrationH 1,5. 00 

r.umlHT 1 ,  122. 1 2 

Machinery,  tools,  etc 480.  .5:1 

MiBcellaiieons H.'t7. 50 

Paints,  oils,  glass,  etc 219.  rt2 

Post^te  aii'l  telegraph 174. 96 


T  I®  " 


6:!0.00 


i,z.dbvGoot^lc 


RK1>(>RT   CIK   THE    KXKCUTIVE    COMMin'KK. 

M  isc-ellaneuiw— ( "on  ti  1 1  uei  1 . 

Purchase  of  atiiinalK $2,  ftM.  68 

Rood  iiiaterutis  anil  grading 981.61 

Stationery,  bi)ok»,  etc 133,63 

Surveying,  plana,  etc 622. 00 

Traveling  anil  field  expenses 454. 41 

Treee,  |)lant»,  etc 13, 10 

Water  aupjJy,  newt-rage,  et<' 552. 32 

ToUl  iiiiw^llaneous $ai,460. 33 

Wages  (if  iiiei'hunirH  and  laborera  anil  hire  of  t«a:iif 

in  conBtnictinj;  liuildinge  anil  incloBures,  layiog 

water  pipes,  Iniililing  roads,  gutters,  and  walkt>, 

planting    tret*,    and    otherwise    improving    the 

gn  Hinds: 

1  <»r[)enter,  56  daye,  at  *3 168. 00 

1  catpent«r,  29J  days,  at  &1 88. 60 

1  carpenter,  29  days,  at  $3 87.  OO 

1  carpenter,  27  daye,  at  $3 81. 00 

1  (»rpenter,  24  days,  at  S3 72. 00 

1  carpenter,  14  days,  at  $3 42. 00 

1  carpenter,  13  days,  at  $3 39. 00 

1  carpenter,  39i  days,  at  $3 118. 50 

1  carpenter,  291  daj-s,  at  »i 88,50 

1  carpenter,  291  days,  at  $3 88.50 

1  carpenter,  24  days,  at  $3 72. 00 

1  iar|>enter,  8  days,  at  $3 24. 00 

1  carpenter,  291  Jays,  at  t3 88. 50 

1  car^ienter,  2971  days,  at  $3 892. 50 

1  painter,  18  days,  at  $3 54. 00 

ilaborer,5}dayB,at?1..501 

^  ||«inter,  71}  days,  at  t3.  J -"■  ^' 

1  punter,  4  days,  at  $3 12. 00 

1  pMnter,  4  days,  at  til 12. 00 

1  painter,  3  days,  at  $3 fi.OO 

1  tinner,  351  days,  »l  $2.50 88.12 

1  laborer,  365  days,  at  $2.50 912.50 

llaborer,  121  days,  at  $2..W 302.60 

1  laborer,  283J  ilayB,  at  $2 567.60 

1  laborer,  365  days,  at$2 730.00 

1  lal)orer,  6  dayp,  at  $2 12.00 

(11  days,  at$2 1 

'  '«'"'""■  {264i  days,  at  $1.60  \ ■*"'■  " 

1  workman,  366  days,  at  $1.75 638.75 

I  lalMwr,  133)  days,  at  $1.75 2;t4. 06 

I  laborer,  .165  days,  at  1.75 638.  75 

1  lalwrer.  3411  days,  at  $1.76 597,64 

1  laborer,  286  days,  at  $1.76 500. 50 

I  laborer.  303  days,  at  $1.75 530.25 

I  laborer,  2531  days,  at  $1.76 443.21 

1  laborer,  365}  days,  at  $1.50 648. 26 

I  laborer,  4  days,  at  $1.50 6.00 

1  laborer,  276)  days,  at  $1.50 415. 13 

1  laborer,  e7J  days,  at  $1.50 101.64 


J 
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Wafted  of  iiitH-)ianii»  and  liilH)rere.  eU-.  — ContinuwI. 

1  laborer,  3661  days,  at  J1.50 $M8.83 

fimdays,  at  $1.50 
"■  tl79idayfi,  Bt$l.~ 

I  laborer,  372  daye,  at  f  1.50 568.02 

1  lahorer,  282 J  day i,  at|1.80 423.77 

1  Uborer,  27Hi  days,  at  $1.60 418.  14 

llalKirer,  258  dayn,  at  $1.50 387.01 

1  laborer,  234i  dayfi,  at  $l..'iO 361.38 

1  laborer.  22ei  days,  at  $1.50 342.39 

1  laborer,  196^  days,  at  $1.60 294.37 

1  lahorer,  196J  days,  at  $1  -W 293.  «2 

1  laborer,  17li  dayB,  at  $1.50 267. 63 

1  laborer,  102J  days,  at  $1.60 154. 13 

1  laborer,  125^  daye,  at  $1,50 187.88 

1  laborer,  14i  days,  at  $1.50 21.75 

1  laborer,  251  daya,  at  $1.60 38.26 

1  laborer,  81  days,  at  $1.50 121.50 

1  Uborer,  lOOJ  days,  at  $1.60 151.13 

I  laborer,  199  days,  at  $1.60 29S,50 

1  Uborer,  23}  days,  at  $1.60 35.63 

1  laborer,  339  days,  at  $1.50 608.60 

1  laborer.  28i  days,  at  $1.50 43.12 

llaborer,  23  days,  at  $1.50 34.50 

llaborer.  20days,  at  $1.60 30.00 

1  laborer,  6  days,  at  $1.60 7.50 

1  laborer,  1031  days,  at  $1.50 154. 88 

1  laborer,  313i  daya,  at  $1.50 469. 88 

1  laborer,  941  days,  at  $1.50 141. :» 

1  laborer.  4  days,  at  $1.60 6.00 

1  laborer,  338 1  days,  at  $1.. ill ,W8. 13 

1  UI)orer,  67  daya,  at  $1.50 100.50 

1  laborer.  59(  days,  at  $1.50 88.88 

— {ss:.s} ..-» 

1  laborer,  41  days,  at  $1.50 61.50 

1  laborer,  13  liays  at  $1.50 111.  60 

llaborer,  8  days,  at  $1.60 12.00 

1  lalwrer,  4  days,  at  Sl.M 6. 00 

1  laborer,  2j  daya,  at  $1.50 3.75 

llalx»rer,  2  daya.  at  $1.50 3.00 

1  laborer,  ft«l  dayK.  at  $1.25 70.31 

32  days,  at  $1 \ 

.3661  (laya.  at  $1.25. ) "*"■** 

I  laborer,  14J  days,  at  $1.25 18. 12 

1  laborer,  36ft  days,  at  $1.26 45li.  25 

I  lalH>rer,  441  <laye,  at  $1.25 65. 32 

I  lal)orer.  Ill  days,  at  $1.25 14. 06 

1  laborer,  1 1  (  days,  at  $1 .25 14. 06 

1  laborer.  322]  days,  at  $1 322,75 

1  laborer,  263)  days,  at  $1 263.75 

1  laborer.  262}  days,  at  $1 262.  75 

1  laborer,  61}  daya,  at$l 61.75 

1  laborer,  5J  days,  at  $1 5.  75 
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B  of  mechtmits  and  Isboreni,  ei 

l29dBy8,at|l ) 

laborer,  4}  days,  at  75  cente . . 
laborer,  12i  days,  at  $1.50.... 
laborer    (66*  day«,^ttl.2 


130  days,  at  11.50/ 

1  laborer,  121J  days,  at  f  1.50 

1  laborer,  121  days,  at  11.26 

r  attendant  (185  days,  at  75centa..\ 

^  I  laborer      1178  days,  at  $1 /  •■■;■■ 

1  attendant,  278  dayti,  at  75c«nte 

1  attendant,  at  75  cents 

1  attendant,  03  days,  at  75  cenU 

^  (attendant  1247)  days,  at  75  cent«\ 

tuborer      ll22J  days,  at»l | 

I  attendant,  261  days,  at  50  oente 

1  weeder,  ISSdays,  at  75  centa 

1  water  boy,  121  days,  at  50  ceuta 

1  water  boy,  219J  days,  at  50  cents 

1  water  boy,  342J  days,  at  SO  cents 

1  water  boy,  12  ilays,  at  50  cents 

1  water  boy,  61  days,  at  50  cents 

1  water  boy,  49  days,  at  50  cents 

water  boy,  28i  days,  at  50  cents 

water  boy,  12J  dayit,  at  50  cents 

wagon  and  team,  }  day,  at  $3 

wagon  and  team,  22|  days,  at  S3 

wagon  and  team,  104J  days,  at  $3 

wagon  and  team,  5)  days,  at  $3 

hone  and  cart,  155)  <lays,  at  $1.60 

horee  and  cart,  30i  days,  at  $1.80 

horse  and  cart,  67*  days,  at  $1.50 

1  home  and  cart,  ft  days,  at  (1.50 

1  horee  and  ewn,  11)  days,  at  $1.50 

1  horee  and  cart,  16)  days,  at  $1.50 

I  horse  and  cart,  26)  days,  at  $1.50 

1  horse  and  cart,  17)  days,  at  $1.50 

I  horse  and  cart,  Sdays,  at  $1.60 

1  horse  and  cart,  7  days,  at  t1 ,50 

1  horee  and  cart,  7  days,  at  $1.50 

1  honK,  1)  days,  at  $1 

1  horee,  297)  days,  at  60  cents 

J  (stonebreaker,  1 37  cubic  yards,  at  60  cents  .  I 

tlaborer,  85  daye,  at  $1.50 ' 

1  stonebreaker,  02}  cubic  yards,  at  00  cents . . . 
1  stonebreaker,  34)  cubic  yards,  at  60  cents . . . 


Total  wages  of  mechanics,  etc  - . 
Total  diabureementa 


18.37 
116.63 


316. 75 
208.50 


307.89 
13.12 


6.00 
30.50 
24.60 
14.37 
6.25 
2. 25 
67.50 

582.75 
16.60 

233.^ 
45.37 

101. 2S 
12.00 
16.86 
24.75 
44.25 
26.63 
12.00 
10.50 
10.50 
1.50 

148.88 

209.71 


..       9,802.29 
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NATIONAL  ZOOLOGICAL  PARK.  1900. 

Balan<«  Jul.v  1,  1900,  as  per  laat  report 814,lt07.4fl 

Transferred  to  CommissionerK  UiBtrictof  Columbia  (miailry 

civil  act,  June  6,  1900) 5,000.00 

$9,907.46 

DIBBtntSBUBNTH. 

General  eipenBen: 

BuUdingH $115.20 

Books 318.«.'> 

Cameras 445.00 

Fencing  anil  (.■age  inalerial 1,046.36 

Food 1,288.92 

Fuel 145.39 

Furniture 60.00 

Freight 689.13 

Lumber - 328. 83 

Machinery,  tools,  eU; 2S1.97 

MiscelUneouB 122.87 

P^nts,  oil,  glass,  eU; 40.97 

Postage,  telephone,  and  telegraph 75. 94 

Purchase  of  animals 236.00 

Boad  material  and  grading 1, 338.  S4 

Special  servicea 480. 00 

Surveying,  plane,  etc 984. 00 

Travelint;  and  field  expenses 629. 23 

Trees,  plants,  etc 710.60 

Water  supply,  sewerage,  etc, 195. 27 

Total  disbursements $9,513.16 

Balance 394.30 

NATIONAL  ZOOLOGICAL  PARK,  ISW. 

Balance  July  1,  1900,  as  per  last  report $82.  .11 

General  expeuseti: 

Books $3.18 

MiecellaneouH 13.67 

Special  services 50. 00 

Poslage 2. 00 

Total  <lisburaemetits $68. 85 

Balance 13,46 

Balan(-e  i^arried  under  the  provisions  of  Revised  Statutes.  M'ctloii  tWIitO,  hy  the 
Treasury  Department  to  the  credit  ot  the  surplus  fund,  June  30,  1901. 
RECAPITVLATION. 

The  total  amount  of  funds  ailministereil  by  the  Institution  during  the  year  ending 
June  30,  1901,  ap|>ear8  from  the  foregoing  slateuientM  and  the  ati'iiiiut  liookc  to  have 
t>oen  as  follows: 

From  balance  of  lam  year,  July  1,  1900 $76,219.07 

From  interest  on  Smithsonian  fund  for  the  year .'V4,  720, 00 

From  interest  on  West  Shore  himds 1,680.00 

From  salee  of  publications 1 88. 59 

From  repayments  of  freight,  etc 10, 240.  TO 

$143.  W«.  46 
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International  exchangeii — Smithsonian  InBiitiitiim: 

From  balanrt  «t  1898-99 «1. 59 

From  balam-f  i.(  1H99-1900 2,  .'i;«. «! 

From  a|ipn>]>riatioii  (or  1»((0-1»01 '24,  OOO.  00 

Ameriian  tlhnolojiy — Smithoonian  Inntitutioii:  *-j'      ■    - 

From  InliLDce  of  1898-99 92. 48 

From  l«lanre  of  1899-1900 2. 147. :« 

From  appropriation  fc.r  1900-1901 50, 000. 00 

Preservation  ot poUectiont*— National  MuBeuni:  .■•2,2:i9.K3 

From  balance  of  1898-99 1. 53 

From  balance  of  1899-1900 9, 133. 82 

Fr<im  appropriation  for  1900-1901 180,000.00 

Fnmiture  and  fixlures— Nationai  Museum:  '**"'  ^'^^  ^ 

From  balance  of  1898-99 1..35 

From  iialance  of  1899-1900 575. 24 

From  appropriation  tor  1900-1901 17, 500. 00 

Heating  anil  lighting,  pti'. — National  Muxetun: 

From  l>alan<-e  of  1898-99 .01 

From  balance  of  1899-1900.    561 .  96 

From  a|i[.ropriation  for  1900-1901 17, 500. 00 

Postage— National  Muaeiimr  '             18,061.97 

From  appropriation  for  19O0-1901 500. 00 

Printing — National  Museum: 

Fnim  appropriation  for  1900-1901 17,000.00 

Rent  of  worbshope,  etc. — National  Museum: 

From  balance  of  1898-99 1 10. 08 

From  bftlance  of  1899-1900 .08 

From  appropriation  for  1900-1901 4,040.00 

Building  repairw — National  Mmfeum:  i   ■    ■ ' 

From  balance  of  1 8<*~99 .91 

From  balance  of  1899-1900 261-07 

From  appropriation  for  1900-1901 15,000.00 

Galleries — National  Museum:  '"' 

From  balance  of  1898-99 2ai.  79 

Books — National  MuHeum: 

From  balance  of  1898-99 2.^.08 

From  balance  of  1899-1900 878.72 

Fr«m  appropriation  tor  1900-1901 2, 000. 00 

Purchase  of  specimens—National  Mui^um:  2,90:t.ftO 

From  appropriation  f..r  1900-1901 10, 000. 00 

Aetrophysical  Observatory — Smithmnian  Institution: 

From  balance  of  1898-99 3.97 

Fn»m  balance  of  1899-1900 1.215.78 

From  appropriation  tor  1900-1901 12,000.00 

Ob«en,>ation  of  ecHiwe  of  May  28,  1900:  '■'^'  ^'"-  '"'' 

From  UlancuJuly  1. 19(Io l,.->29.20 

National  Zoologii'al  Park: 

From  iMlance  of  1898-99 82.  :n 

From  balance  of  1899-1900 9, 907. 4ti 

From  appropriation  for  1900-1901 76, 000. 00 


,C~.oi>'^lc 
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Smithsonian  TnBtitution (143,048.46 

Exchu^e« 26,540.42 

Ethnol<^ 52,239.83 

PreaervatioD  of  collectioiw 18»,  135. 35 

Furnitore  and  fixtures 1«,  076. 69 

HeatiBg  and  lightinK 18,  OBI.  97 

Portage 600.00 

Printiug 17,000.00 

Rent  of  workehopci 4, 150. 16 

Building  repairs 15, 251. 98 

G»lleriee 206.79 

Books 2,903.80 

Purchase  of  specimens 10, 000. 00 

Aetrophyeical  Observatory 13, 218. 75 

Observation  of  eclipse  of  May  28,  1900 1, 529. 20 

National  Zoological  Park 84,989.77 

596,853.07 

The  committee  has  examined  the  vouchers  for  paj'ment  from  the 
Smithsonian  income  during  the  year  ending  June  30,  1901,  eavh  of 
Trhich  bears  the  approval  of  the  Secretary  or.  in  his  alisence,  of  the 
acting  Secretary,  and  a  certificate  that  the  materialn  and  services 
charged  were  applied  to  the  purpo-se-s  of  the  Institution. 

The  committee  has  also  examined  the  accounts  of  the  several  appro- 
priations committed  by  Congres.-i  to  the  Institution,  and  6nds  that  the 
balances  hereinbefore  given  correspond  with  the  certilicates  of  the 
disbursing  clerk  of  the  Smithsonian  Institution,  whoue  appointment  as 
such  disbursing  officer  has  been  accepted  and  his  bond  approved  by  the 
Secretary  of  the  Treasury. 

The  quarterly  accounts  current,  the  vouchers,  and  journals  have  been 
examined  and  found  correct. 

SaUment  o/ regut/tr  incontf /tom  the  Smil}i»onian  fund  arailablf  for  une  in  the  i/tir  ending 
June  SO,  I90S. 


(Including  cash  from  executors  of  J.  H.  Kidder) $5,000.00 

(Including  cash  from  Dr.  Ales.  Graham  Bell) 5,000.00 

10,000.00 

lnt«r«et  due  and  receivable  July  1, 1901 27,360.00 

Interest  due  and  receivable  January  1,  ]902 27,360.00 

lutereal,  West  Shore  Railroad  bonds,  due  July  1,  1901 840.00 

Interest,  We»t  Shore  Railroad  bonds,  due  January  1,  lt)0-J  . . .        840, 00 

— 56,400.00 

Total  available  lor  year  ending  June  30,  1902 140,363.26 

Respectfully  submitted. 

J.  B.  Henderson, 
Alexander  Gkaham  Bell, 

UOBERT   R,    HiTT, 

Executive  Committee. 
Washington,  D.  C,  Janxtary  l^-,  i902.  r    ,    i  X'tH1>^lc 


ACTS  AND  RESOLUTIONS  OF  CONGRESS  RELATIVE  TO 
THE  SMITHSOMAN  INSTITUTION,  ETC. 


[Flllr-alnth  Congrea,  nMond  Henlati.] 
SHITHSONtAN    INSTITUTION. 

Jiesolved  by  the  Senate  and  Iloiine  of  RepreteiiiativfS  of  the  United 
SUite»  of  America  in  Congress  a««ei>iMed,  That  the  vacancy  in  the 
Board  of  Regents  of  thw  Smithsonian  Institution  of  the  class  oth^r  than 
memberB  of  Congress,  caused  by  the  death  of  William  Lyne  Wilson, 
of  Virginia,  shall  be  filled  by  the  appointment  of  Ueorge  Gray,  a  resi- 
dent of  Delaware,  (Approved  January  14.  1901;  Statutes,  XXXI, 
1459.) 

That  facilities  for  study  and  resi*arch  in  the  Government  Depart- 
ments, the  Library  of  Congress,  the  National  Museum,  the  Zoological 
Park,  the  Bureau  of  Ethnology,  the  Fish  Commission,  the  Ilotanic 
Gardens,  and  similar  institutions  hereafter  established  shall  be  afforded 
to  scientific  investigators  and  to  duly  qualified  individuals,  students, 
and  graduate's  of  institutions  of  learning  in  the  several  States  and  Ter- 
ritories, as  well  as  in  the  District  of  (Mumbia,  under  such  rules  and 
restrictions  as  the  heads  of  the  Departments  and  Bureaus  mentioned 
may  prescribe.     {Approved  March  3,  lUOl;  Statutes,  XXXI,  1039.) 

Smithhoman  Depo.sit  [Library  of  Congress]. — For  custodian,  one 
thousand  five  hundred  dollars;  one  assistant,  one  thousand  two  hundred 
dollars;  one  messenger,  .seven  hundred  and  twenty  dollars;  one  mes- 
senger boy.  three  hundred  and  sixty  dollars;  in  all,  three  thou.«and 
seven  hundred  and  eightv  dollurs.  (Approved  March  3, 1901 ;  Statutes, 
XXXI,  970.) 

INTERNATIONAL    EXCHANGES. 

For  expenses  of  the  system  of  international  exchanges  l>ctween  the 
United  States  and  foreign  countries,  under  the  direction  of  the  Smith- 
sonian Institution,  including  salaries  or  compensation  of  all  necessary 
employees,   and   the   purchase   of    necessary   books  and  periodicals, 
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twentv-four  thouaiind  dollars.  (Approved  March  3.  IWIl;  Statutes, 
XXXI.  114«.) 

Treasury  Department,  Continoent  Kxpesses.  —To  pay  the 
account  of  the  Smithsonian  Institution  for  the  transniimion  of  mail 
matter  for  the  Treasury  Department  for  the  fisi-al  years  as  follows: 

For  the  fiscal  year  nineteen  hundred  and  one,  two  hundred  and  forty- 
four  dollars  and  five  cents. 

For  the  fiscal  year  ninpt<'en  himdrcd.  four  hundred  and  fifty-three 
dollars  and  fifty  centM.  (Appro\cd  March  3,  15(01;  Statutes,  XXXX, 
lOliJ.) 

NATIONAI,   MUSEUM. 

For  cases,  furniture,  fixtures,  and  appliances  required  for  the  exhi- 
bition and  safe-keeping  of  the  collections  of  the  National  Museum, 
includinp^  salaries  or  compensation  of  all  necessary  employees,  twenty 
thousand  dollars. 

For  expense  of  heating,  lighting,  electrical,  telegraphic,  and  tele- 
phonic service  for  the  Is'ational  Museum,  including  five  thousand  dol- 
lars for  electric  installation,  twenty-three  thousand  dollars. 

For  removing  old  boilers  in  the  National  Museum  building,  and  for 
the  purchase  and  installation  of  new  bolters,  including  material  and 
lalxir  for  necessjiry  alterations  and  connections,  twelve  thousand  five 
hundred  dollars. 

For  continuing  the  preservation,  exhibition,  and  increase  of  the  col- 
lections from  the  surveying  and  exploring  expeditions  of  the  Govern- 
ment, and  from  other  soui-ces,  including  salaries  or  compensation  of 
all  necessary  employees,  one  hundred  and  eighty  thousand  dollai's,  of 
which  sum  five  thousand  five  hundred  dollars  may  l«  used  for  neces- 
sary drawings  and  illustrations  for  publications  of  the  National 
Museum;  and  nil  other  necessary  incidental  expenses. 

For  purchase  of  specimens  to  supply  deficiencies  in  the  collections 
of  the  National  Museum,  ten  thousand  dollars. 

For  purchase  of  ImoIcs,  pamphlets,  and  periodicals  for  reference  in 
the  National  Museum,  two  thousand  dollai's. 

For  repairs  to  buildings,  shops,  and  sht^ls.  National  Museum,  includ- 
ing all  necessary  labor  and  material,  fifteen  thousand  dollars. 

For  construction  of  two  galleries  in  the  National  Museum  building, 
five  thousand  dollars. 

For  rent  of  worksJiops  and  temporary  storage  (juartcrs  for  the 
National  Museum,  four  thousand  four  hundred  dollai's. 

For  postjige  stamps  and  foreign  {Kistal  cai-ds  for  the  National 
Museum,  five  hundred  dollai-s-  (Appi-oved  March  S.  IIHII;  Statutes, 
XXXI,  lUT.) 

For  the  Smithsonian  Institution,  for  printing  labels  and  blanks,  and 
for  the  "Bulletins"  and  "Proceedings"  of  the  National  Museum,  the 
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editions  of  which  shall  not  be  less  than  three  thousand  copies,  and 
binding,  in  half  turkey,  or  material  not  more  expensive,  scientific 
boolu  and  pamphlet's  presente<l  to  and  acquired  by  the  National 
MuBeum  Library,  tieventeen  thousand  dollars.  (Approved  March  3, 
1901;  Statute*,  XXXI,  1187.) 

MUREAU   OP  AHRKtCAN    ETHNOLO«r. 

For  continuing  ethnological  I'esearchejs  among  the  American  Indians, 
under  the  direction  of  the  Smithsonian  Institution,  including  salaries 
or  compensation  of  all  necessary  employees  and  the  purchase  of  neces- 
sary books  and  periodicals,  fifty  thousand  dollars,  of  which  sum  not 
exceeding  one  thousand  five  himdred  dollars  may  be  used  for  rent  of 
building.     (Approved  March  3,  liKU;  Statutes,  XXXI,  1146.) 

For  payment  of  outstanding  accounts  for  transportation  incurred 
during  the  fiscal  year  eighteen  hundred  and  ninety-.seven  under  the 
appropriation  "North  American  Ethnology,  Smithsonian  Institution," 
forty -seven  dollars  and  sixty -one  cents.  (Approved  March  3,  1901; 
Statute,  XXXI,  1018.) 

NATIONAL   ZOOLGGTCAI.   PARK. 

For  continuing  the  construction  of  roads,  walks,  bridges,  water 
supply,  sewerage,  and  drainage;  and  for  grading,  planting,  and  other- 
wise improving  the  grounds;  erecting  and  repairing  buildings  and 
inclosures;  care,  subsistence,  purchase,  and  transportation  of  animals; 
including  salaries  or  compensation  of  all  necessarj'  employees;  the 
purchase  of  necessary  books  and  periodicals,  the  printing  and  publish- 
ing of  operations,  not  exceeding  one  thousand  live  hundred  copies,  and 
general  incidental  expenses  not  otherwise  provided  for,  eighty  thou- 
sand dollars;  one-half  of  which  sum  shall  be  paid  from  the  revenues 
of  the  District  of  Columbiaand  the  other  half  from  the  Treasury  of  the 
United  States;  and  of  the  sum  hereby  appropriated  five  thousand  dol- 
lars shall  be  used  for  continuing  the  entrance  into  the  Zoological  Park 
from  Cathedral  avenue  and  opening  driveway  into  Zoological  Park, 
including  necessary  grading  and  removal  of  earth.  (Approved  March  3, 
1901;  Statutes,  XXXI,  1147.) 

ASTEO PHYSICAL   OBSERVATORY. 

For  maintenance  of  Astrophysical  Observatory,  imder  the  direction 
of  the  Smithsonian  Institution,  including  salaries  of  assistants,  the 
purchast^  of  necessary  books  and  periodicals,  apparatus,  printing  and 
publishing  results  of  researches,  not  exceeding  one  thousand  five  hun- 
dred copies,  repairs  and  alterations  of  buildings,  and  miscellaneous 
expenses,  twelve  thousand  dollars.  That  the  Secretary  of  the  Smith- 
sonian Institution  is  directed  to  reiMirt  to  Congress  on  the  first  day  of 
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the  next  re^Iar  session  an  entire  account  of  all  appropriations  hereto- 
fore expended  by  the  A»truph3'6lcal  Obsei'vatory,  what  results  have 
been  reached,  and  what  is  the  present  condition  of  the  work  of  said 
ob8er\'atoiy.     (Approved  March  3,  1901;  Statutes,  XXXI,  1146.) 

BIRDS  AND    BOGS   FOR   SCIENTIFIC   FURP06BS. 

AN  ACT  To  amend  an  Act  entitled  "An  Aot  tor  the  protection  of  binls,  preservation 
of  game,  and  for  the  prevention  of  its  mle  daring  certain  cloeed  seasons,  in  the 
IMstrictof  Columbia." 

Be  it  enacted  by  the  Senate  and  llrmne  of  Representatives  of  the 
United  States  of  America  in  Congress  assetnbled^ 

"Sec.  3.  That  for  the  purposes  of  this  Act  the  following  only  shall 
be  considered  game  birdH:  The  Anatidie,  commonly  known  as  swans, 
geese,  brant,  river  and  sea  ducks;  the  RalUdee,  commonly  known  as 
rails,  coots,  luud  hens,  and  gallinules;  the  Limicolte,  commonly  knowo 
as  shore  birds,  plovers,  surf  birds,  snipe,  woodcock,  sandpipers,  tat/ 
tiers,  and  curlews;  the  Gallinte,  commonly  known  as  wild  turkeys, 
grouse,  prairie  chickens,  pheasants,  partridges,  and  qiuils;  and  the 
species  of  Icteridce,  commonly  known  as  marsh  blackbirds  and  reed 
birds  or  rice  bii-ds. 

"That  no  person  shall  kill,  catch,  expose  for  sale,  or  have  in  his 
or  her  possession,  living  or  dead,  any  wild  bird  other  than  a  game 
bird,  English  sparrow,  crow,  Cooj^r's  hawk,  sharpshinnetl  hawk,  or 
great  homed  owl;  nor  rob  the  nest  of  any  such  wild  bird  of  eggs  or 
young;  nor  destroy  such  nest  except  in  the  clearing  of  land  of  trees 
or  brush,  under  a  penalty  of  five  dollars  for  every  such  l)ird  killed, 
caught,  exposed  for  sale,  or  had  in  his  or  her  possession,  either  dead 
or  alive,  and  for  each  nest  destroyed,  and  in  default  thereof  to  be 
imprisoned  in  the  workhouse  for  a  period  not  exceeding  thirty  days: 
Peomded^  That  this  section  shall  not  apply  to  birds  or  eggs  collected 
for  scientific  purposes  under  permits  issued  by  the  superintendent  of 
police  of  the  District  of  Columbia  in  accordance  with  such  instructions 
as  the  Secretary  of  the  Smithsonian  Institution  may  prescribe,  such 
permits  to  be  in  force  for  one  }'ear  from  date  of  issvie  and  nontrans- 
ferable."    (Approved  March  3,  19(11;  Statutes,  XXXI,  1091.) 

world's  COLUMBIAN   COMMISeiON, 

Revived  hy  the  Senate  {the  Ilmme  of  Represetitatwes  concurring). 
That  there  be  printed  three  thousand  five  hundred  copies  of  so  much 
of  the  report  of  the  committee  on  awards  of  the  World's  Columbian 
Commission  as  is  contained  in  the  special  reports  upon  special  subjects 
or  groups  as  were  prepared  by  expert  judges  authorized  to  act  by  the 
World's  Columbian  Commission,  its  executive  committee  on  awai-ds. 
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tlie  committee  on  finil  report,  or  the  board  of  reference  and  (x>ntrol, 
of  which  one  thousand  shall  be  for  the  use  of  the  Senate,  two  thou- 
sand for  the  use  of  the  House  of  Representatives,  and  five  hundred 
for  distribution  by  the  Department  of  State.  (Passed  Senate  May  31, 
liMX);  passed  House  March  1,  1901;  Statutes,  XXXI,  concurrent 
resolutions,  14.) 

TENNESSEE   CENTENNIAL    EXPOSITION. 

liesol/)3ed  h/  the  Senate  and  Jlovse  of  Representatives  of  the  United 
States  of  America  in  Cmigress  assembl&i.  That  ao  much  as  may  be  nec- 
essary of  the  unexpended  balance  of  the  appropriation  of  one  hundred 
thousand  dollars  provided  in  section  three  of  the  Act  to  aid  and  encour- 
age the  holding  of  the  Tennessee  Centennial  Exposition  at  Nashville 
in  eighteen  hundred  and  ninety-seven,  approved  December  twenty- 
second,  eighteen  hundred  and  ninety-six,  be  applied  to  the  preparation 
of  illustrations  and  the  printing  and  binding  at  the  Government  Print- 
ing Office  of  six  thousand  copies  of  the  report  of  the  board  of  man- 
cement  of  the  United  States  Government  exhibit  at  said  exposition, 
under  the  direction  of  the  chairman  of  said  board.  (Approved, 
March  2, 1901;  Statutes,  XXXI,  1464.) 

LOUISIANA    PURCHASE   EXPOSITION. 

AN  ACT  To  provide  for  celebrating  the  one  hundredth  annivereary  of  the  purchase 
of  the  Louisiana  territory  by  the  0nited  Slates  by  holding  an  international  exhi- 
bition of  arte,  industries,  iiianufaeturex,  and  the  pro<)ucts  of  the  soil,  mine,  forest, 
and  sea  in  the  city  of  Saint  Louis,  in  the  State  of  Missouri. 
Whereas  it  is  fit  and  appropriate  that  the  one  hundredth  anniversary 
of  the  purchase  of  the  Louisiana  territory  be  oonmiemorated  by  an 
exhibition  of  the  resources  of  the  territory,  their  development,  and 
of  the  progress  of  the  civilization  therein;  and 

Whereas  .-iuch  an  exhibition  .should  be  of  a  national  and  international 
character,  so  that  not  only  the  people  of  that  territory,  hut  of  our 
Union,  and  of  all  nations  as  well,  («n  participate,  and  should  there- 
fore have  the  sanction  of  the  Congress  of  the  United  States:  There- 
fore, 

Be  it  enacts  hy  the  S<tMi<-'  and  IFoitx,:  of  Rei>rc's,titatii'>'ii  of  the  Unittd 
States  of  Aineriea  in  Cimyritss  aime)nhf<-d.  That  an  exhibit  of  arts, 
industries,  manufactures,  and  products  of  the  soil,  mine,  forest,  and 
sea  shall  be  inaugurated  in  the  year  nineteen  hundred  and  three,  in 
the  city  of  Saint  Louis,  in  the  State  of  Missouri,  as  herein  provided. 
Sec.  2.  That  a  nonpartisan  commission  is  hereby  constituted,  to 
consist  of  nine  commissioners,  to  be  known  and  designated  as  the 
**  Louisiana  Purchase  Exposition  Commission,"  who  shall  be  appointed, 
within  thirty  days  from  the  passage  of  this  Act,  by  the  President  of 
the  United  States,  and  who  shall  also  be  subject  to  removal  by  him. 
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Vacancio-y  in  -said  commission  to  bo  tilled  in  the  same  manner  an  orijf  ini 
appointments. 

Sec.  3.  That  the  cominissionprs  so  appointed  shall  be  called  togethf 
by  the  Secretary  of  State  of  the  I'nited  States,  in  the  city  of  Sair 
Loui»,  by  notice  to  the  commissioners,  as  soon  as  convenient  after  tli 
appointment  of  said  commissioners,  and  within  thirty  days  thereaftei 
The  said  commissioners,  at  .<taid  first  meeting,  shall  oi'^rani/.e  by  th 
election  of  their  officers,  and  they  may  then,  or  thereafter,  appoin 
such  executive  or  other  committees  as  may  l>e  deemed  expedient,  an^ 
a  secretary  at  a  salary  of  three  thousand  dollars  per  annum;  that  ii 
addition  to  the  salary  of  the  sei-retary  of  said  commission  there  i 
hereliy  allowed,  out  of  any  money  appropriated  to  aid  in  carryinj 
forward  said  exposition,  the  sum  of  ten  thousand  dollars  per  annum 
or  so  much  thei-eof  as  may  be  necessary,  for  the  purpose  of  defraying 
the  clerical,  office,  and  other  neivssary  expenses  of  said  commission. 

Sec".  4.  That  said  commission,  when  fully  orfjanized  under  the  pro 
visions  of  this  Act,  shall  appoint  two  of  their  number  to  act  in  con 
junction  with  a  like  nuinWr  appointed  by  the  I^uisiana  Purchase 
Exposition  Company,  to  constitute  a  board  of  arbitration,  to  whom  all 
matters  of  difference  arising  between  said  commission  and  said  company, 
concerning  the  administration,  management,  or  general  supervision  of 
said  exposition.  Including  all  matters  of  difference  arising  out  of  the 
power  given  by  this  Act  to  the  said  company  or  to  the  said  national 
commission  to  modify  or  approve  any  act  of  the  other  of  the  two 
bodies,  shall  l>c  referred  for  determination;  and  in  the  case  of  the  fail- 
ure of  said  board  of  arbitration  to  agree  upon  such  inattei's  as  may  be 
so  ]-cfern'd.  said  )>oard  of  arbitration  shall  appoint  a  fifth  meml>Gr 
thereof;  and  in  ease  of  the  failure  of  the  said  board  to  agree  upon  a 
fifth  member,  such  fifth  member  shall  then  lie  appointed  by  the  Secre- 
tary of  the  Ti-easury,  And  the  decision  of  said  Iniard  shall  l)e  final  in 
all  matters  pi-e.sented  to  it  for  consideration  and  determination. 

Sec.  5.  That  said  commission  be  empowered,  in  its  discretion,  to 
ai'cept,  for  the  purposes  of  the  exposition  herein  authorized,  such  site 
as  may  Ik>  selected  and  offered,  and  such  plans  and  s)>ecitioationsof 
buildings  for  such  purpose  at  the  exptduse  of  and  tendered  by  the 
corporation  organized  under  the  laws  of  the  State  of  Missouri,  known 
as  "The  Louisiana  Purchase  Ex|H)sition  t'<»m|)any."' 

Sec.  tJ.  That  the  allotment  of  space  for  exhibitors,  classification  of 
exhibits,  plan  and  sc'ope  of  the  exposition,  the  appointment  of  all 
judges  and  examiners  for  the  exposition,  and  the  awarding  of 
premiums,  if  any,  shall  all  be  done  and  performed  by  the  said  Louisi- 
ana Purchase  Exposition  Company,  subject,  howe\er,  to  the  approval 
of  the  commission  created  by  section  2  of  this  Act;  and  said  com- 
mission is  hereby  authorized  to  appoint  a  board  of  lady  managers,  of 
such  number  and  to  perform  such  duties  as  may  be  prescribed  by  said 
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cominU.sioii.  suhjeet,  however,  to  the  appi'ovai  of  said  company.  Said 
board  of  lady  managers  may,  in  the  discretion  of  said  commitwion  and 
corpomtion,  appoint  one  memtier  of  all  commfftees  authorized  to 
award  prizes  forsurh  exhibits  as  may  htf\e  l>cen  produced  in  whole  or 
in  part  by  female  labor. 

Sec.  7.  That  after  the  plans  for  said  exposition  shall  be  prepared 
by  said  company  and  approved  liy  said  commission  the  rules  and  regu- 
lations of  said  corpomtion  governing  rates  for  entrance  and  admission 
fees  or  otherwise  affecting  the  rights,  privileges,  or  interests  of  the 
exhibitors,  or  of  the  public,  shall  l)e  tixed  or  established  by  said  com- 
pany, subject,  however,  to  the  modification  or  approval  of  said  com- 
mission. 

Sec.  8.  That  said  commission  shall  provide  for  the  dedication  of 
the  buildings  of  tiic  Louisiana  Purchase  Exposition,  insaidcity  of  Saint 
Louis,  not  later  than  the  thirtieth  day  of  April,  nineteen  hundred  and 
three,  with  appropriate  ceremonies,  and  thereafter  said  exposition 
shall  be  opened  to  visitoi's  at  such  time  as  may  he  designated  hy  ^id 
company,  siibjei^t  to  the  approval  of  said  commission,  not  later  than 
the  first  day  of  May,  nineteen  hundred  and  three,  and  shall  be  closed 
at  such  time  as  the  national  commission  may  determine,  subject  to  the 
approval  of  said  company,  but  not  later  than  the  first  day  of  December 
thereafter. 

Sec.  H.  That  whenever  the  President  of  the  United  States  shall  be 
notified  by  the  national  commission  that  provision  has  been  made  for 
grounds  and  buildings  for  the  uses  herein  provided  for,  he  shall  be 
authorized  to  make  prmdamation  of  the  sanie,  through  the  Depart- 
ment of  State,  setting  forth  the  time  at  which  said  exposition  will  be 
held,  and  tlie  purpose  thereof:  and  he  shall  communicate  to  the  diplo- 
matic I'epresentatives  of  foreign  nations  copies  thereof,  togetlier  with 
such  regulations  as  may  be  adopted  l»y  the  commission,  for  publication 
in  their  respective  countries;  and  he  shall,  in  belialf  of  the  (Jovern- 
ment  and  the  people,  invite  foreign  nations  to  take  part  in  the  said 
exposition  and  to  appoint  representatives  thereto. 

Sec.  10.  That  all  articles  which  .shall  be  imported  from  foreign 
countries  for  the  sole  purpose  of  exhibition  at  said  exposition,  upon 
which  there  shall  Ih-  a  tariff  or  customs  duty,  shall  be  admitted  five  of 
jmyment  of  duty,  customs  fees,  or  chaiges,  und<'r  such  n^gulations  as 
the  Secretary  of  the  Treasury  shall  prcscril)e:  but  it  shall  be  lawful 
at  any  time  during  the  exposition  to  sell,  for  delivery  at  the  close 
thereof,  any  goods  or  property  imported  for  and  actually  on  exhibition 
in  the  exposition  buildings  or  on  the  grounds,  subject  to  such  regula- 
tions for  the  security  of  the  revenue  and  for  the  collection  of  import 
duties  as  the  Secretaiy  of  the  Treasury  shall  prescribe:  Prupided^ 
That  all  such  articles,  when  sold  or  withdrawn  for  consumption  in  the 
United  States,  .shall  t>e  subject  to  the  duty,  if  any,  imposed  upon  such 
articles  by  the  revenue  laws  in  force  at  the  date  of  importation,  and 
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all  penalties  prescribed  by  law  shall  be  applied  and  enforced  agaiost 
8uch  articles  and  against  the  person  who  may  be  guilty  of  any  ill^fal 
sale  or  withdrawal. 

Sec.  11.  That  it  shall  be  the  duty  of  the  national  commi^ion  to 
make  reports  monthly  to  the  President  of  the  United  States,  showing 
i-eceipts  and  disbursements  and  gi\nng  a  general  summary  of  the 
financial  condition  of  said  exposition,  and  a  final  report  within  six 
months  after  the  close  of  the  exposition,  presenting  the  results  and  a 
full  exhibit  thereof. 

Sec.  is.  That  the  national  commission  hereby  authorized  shall  cease 
to  exist  on  the  first  day  of  January,  nineteen  hundred  and  five. 

Sec,  13.  That  the  United  States  shall  not  in  any  manner  nor  under 
any  circumstances  be  liable  for  any  of  the  acts,  doings,  proceedings, 
or  representations  of  the  said  Louisiana  Purchase  Exposition  Com- 
pany, its  officers,  agents,  or  employees,  or  any  of  them,  or  for  the 
service,  salaries,  labor,  or  wages  of  said  ofBcers,  agents,  servants,  or 
employees,  or  any  of  them,  or  for  any  subscriptions  to  the  capital 
stock,  or  for  any  certificates  of  stock,  bonds,  mortgages,  or  obligations 
of  any  kind  issued  by  said  corporation,  or  for  any  debts,  liabilitieB,  or 
expenses  of  any  kind  whatever  attending  such  corporation  or  aceruing 
by  reason  of  the  same. 

Sec.  14,  That  there  shall  be  exhibited  at  said  exposition  by  the  Gov- 
ernment of  the  United  States  from  its  Executive  Departments,  the 
Smithsonian  Institution,  the  National  Museum,  the  United  StatesCom- 
mission  of  Fish  and  Fisheries,  and  the  Department  of  Labor,  such  arti- 
cles and  material  as  illustrate  the  function  and  administrative  faculty 
of  the  (rovernment  in  time  of  peace  and  its  resources  as  a  war  power, 
tending  to  demonstrate  the  nature  of  our  institutions  and  their  adapta- 
tion to  the  wants  of  the  people;  and  the  Bui-eau  of  the  American  Repub- 
lics is  hereby  invited  to  make  an  exhibit  illustrating  the  resources  and 
international  relations  of  the  American  Republics,  and  space  in  the 
United  States  Government  building  shall  be  provided  for  the  pui-pose  of 
said  exhibit;  and  to  secure  a  complete  and  harmonious  arrangement  of 
such  Government  exhibit  a  board,  to  be  known  as  the  United  States 
Government  board,  shall  be  created,  inde[)cndent  of  the  comini.-wion 
hereinbefore  provided,  to  be  charged  with  the  selection,  purchase, 
preparation,  transportation,  arrangement,  installation,  safe-keeping, 
exhibition,  and  return  of  such  articles  and  material  as  the  heads  of  the 
several  Executive  Departments,  the  Secretary  of  the  Smithsonian  Insti- 
tution, the  Commissioner  of  Fish  and  Fisheries,  the  Commissioner  of 
Labor,  and  the  Director  of  the  Bureau  of  the  American  Kepublics  may, 
respectively,  decide  shall  be  etnbniced  in  said  Government  exhibit.  The 
President  may  also  designate  additional  articles  for  exhibition.  Such 
board  shall  be  composed  of  one  person  to  be  named  by  the  head  of  eat^h 
Executive  Department,  one  by  the  Secretary  of  the  Smithsonian  Insti- 
tution, one  by  the  Commissioner  of  Fish  and  Fisheries,  one  by  tho 
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Commissioner  of  Labor,  and  one  by  the  Director  of  the  Bureau  of 
American  Republics.  The  President  shall  name  one  of  said  persons  so 
detailed  as  chairman,  and  the  board  itself  shall  appoint  its  secretary, 
disbursing  officer,  and  such  other  oflScers  as  it  may  deem  necensary. 
The  members  of  said  Ixiard  of  management,  with  other  officers  and 
employees  of  the  Government  who  may  be  detailed  to  assist  them, 
including  officers  of  the  Army  and  Navy,  shall  receive  no  compensation 
in  addition  to  their  regular  salaries,  but  they  shall  ))e  allowed  their 
actual  and  necessary  traveling  expenses,  together  with  a  per  diem  in 
lieu  of  subsistence,  to  be  fixed  by  the  Secretary  of  the  Treasury,  while 
necessarily  absent  from  their  homes  engaged  upon  the  business  of  the 
board.  Officers  of  the  Army  and  Navy  shall  receive  this  allowance  in 
lieu  of  the  transpoi-tation  and  mileage  now  allowed  by  law.  Anj'  pro- 
vision of  law  which  may  prohibit  the  detail  of  persons  in  the  employ 
of  the  L'nited  States  to  other  service  than  that  which  they  customarily 
perform  shall  not  apply  to  persons  detailed  for  duty  in  coimection 
with  the  said  Louisiana  Purchase  Exposition.  Employees  of  the  board 
not  otherwise  employed  by  the  Government  shall  be  entitled  to  such 
compensation  as  the  board  may  determine.  The  disliursing  officer 
shall  give  bond  in  the  sum  of  thirty  thousand  dollars  for  the  ftiithful 
performance  of  his  duties,  said  Iwnd  to  be  approved  by  the  Secretary 
of  the  Treasury.  The  Secretary  of  the  Treasury  shall  advance  to  said 
officer  from  time  to  time,  under  such  regulations  as  the  Secretary  of 
the  Treasury  may  prescribe,  a  sum  of  money  from  the  appropriation 
hereafter  to  be  made  for  the  Government  exhibit,  not  exceeding  at 
any  one  time  the  penalty  of  his  bond,  to  enable  him  to  pay  the  ex- 
penses of  exhibit  as  authorized  by  the  Iwaitl  of  management  herein 
created. 

Sec.  15.  That  the  Secretary  of  the  Treasury  is  hereby  authorized 
and  directed  to  place  on  exhibition,  tu  connection  with  the  exhibit  of 
his  Department,  upon  such  grounds  as  shall  l>e  allotted  for  the  pur- 
pose, one  of  the  life-aaving  stations  authorized  to  be  constructed  on 
the  coast  of  the  United  States  by  existing  law,  and  to  cause  the  same 
to  )>e  fully  equipped  with  all  apparatus,  furniture,  and  appliances  now 
in  use  in  all  life-saving  stations  in  the  United  States. 

Sec.  16.  That  the  Secretary  of  the  Treasury  shall  cause  a  suitable 
building  or  buildings  to  be  erected  on  the  site  selected  for  the  Louisiana 
Purchase  Exposition  for  the  Government  exhibits,  as  provided  in  this 
Act,  and  he  is  hereby  authorized  and  directed  to  contract  therefor  in 
the  .same  manner  and  under  the  same  regulations  as  for  other  public 
buildings  oi  the  United  States;  but  the  contracts  for  said  building  or 
buildings  shall  not  exceed  the  sum  of  two  hundred  and  fifty  thousand 
dollftvs,  which  sum,  or  so  much  thereof  as  may  l>e  necessary,  is  hereby 
appropriated,  out  of  any  mone)"  in  the  Treasury  not  otherwise  appro- 
priated, to  defray  the  expense  of  erecting  said  Government  building  or 
buildiogs  hereby  authorized.  The  Secretary  of  the  Treasury  shall 
SH  lyoi V 
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cause  the  isaid  building  or  btiilditiffs  to  lie  i-onstructcd  from  plans  I 
approved  by  said  CiovornmenttMjard;  and  ho  is  authorized  and  rcqii 
to  dittpoiM;  of  suL-h  building  or  buildings,  or  the  material  compo 
the  samo,  at  the  olose  of  the  vx{K>sition.  giving  preference  to  the 
of  Saint  Louis  or  to  the  .naid  I^uisiana  I'urt-huse  Kxix>sition  Oo^j: 
to  purchase  the  same  at  an  appniised  value,  to  )h'  ascertained  in  ^ 
iiiannor  as  he  may  determine. 

Sec.  17.  That  tbccommissioiierN  appointed  by  the  President  in 
the  authority  of  this  Act  shall  receive  a»  L-ompenMatiim  for  their  s( 
ices  and  expenses  the  sum  of  live  thousand  dollars  each  |>er  anni 
the  same  to  lie  paid  by  the  Secretary  of  the  Treasury  and  dedtx 
from  any  money  Appropriated  for  said  exixMition. 

Sec.  1^.  That  no  meinlx'r  of  said  commission  or  of  said  (iovernni 
boanl,  whether  an  officer  or  otherwise,  shall  be  personally  liahlo 
any  debt  or  obligation  which  may  t)e  created  or  incurred  by  th«'  s 
commission  or  by  the  said  L'nitcd  States  (iovernment  lioard  lior 
authorized. 

Sec.  ly.  That  whereas  the  Secretary  of  the  Treasury  has  ccrtitii 
underdateof  February  sixth,  nineteen  hundred  and  one.  that  the  Lo 
siana  Purchase  F^xposition  Company  han  pit'sented  to  him  proof  to  1 
satisfaction  that  it  has  raised  ten  million  dollars  for  and  on  account 
inaugurating  and  <'arrving  forward  an  exposition  at  the  city  of  Sai 
Louis.  Misscmri,  in  the  j'ear  nineteen  hundred  and  three,  to  celebrs 
the  one  hundredth  aimiversary  of  the  purchase  of  the  Louisiana  Tt 
ritory;  therefore  there  is  hereby  appropriated,  out  of  any  money 
the  Treasury  not  otherwise  appropriated,  the  sum  of  five  million  di 
lars,  to  aid  in  carrying  forward  such  exposition,  to  pay  the  salaries  i 
the  memlici's  and  secretary  of  the  national  Onumission  herein  autho 
ized,  and  such  other  necessary  expenses  as  may  l)e  incurred  hy  sai 
commission  in  the  dischai^e  of  its  duties  in  connection  with  sai 
exposition,  and  to  dischar^fe  all  other  obligations  incurred  by  th 
Government  on  account  of  said  expcwition,  except  for  tlie  erection  t 
its  own  buildings  and  the  making  and  care  of  its  own  exhibits  at  sai 
exposition.  That  the  money  hereby  appropriated  shall  Iw  disburse 
under  the  direction  of  the  said  Louisiana  Purchase  Exposition  Com 
pany  under  ndc^i  and  ivgulations  to  l>e  prescribi-d  by  the  Si-cretary  o 
the  Treasury  and  upon  vouchers  to  be  apprnved  by  him:  J*r"n'/-'i 
■  That,  except  for  the  payment  of  the  salaries  and  expenses  of  thi 
national  commission,  no  part  of  said  appropriation  shall  iMromi 
available  until  the  sum  of  ten  million  dollars  shall  have  been  ex|K>iidec 
by  said  company  on  account  of  said  exposition  to  the  satisfitction  ol 
the  Secretary  of  the  Treasury:  Proi-iil.d  f'lrUin;  That  all  suni^ 
expended  by  the  Govenmient  on  account  of  said  exposition,  including; 
the  salaries  and  expenses  of  said  national  coimnission,  except  for  tlio 
erection  of  its  own  buildings  and  the  making  and  care  of  its  own 
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exhibit'^  at  said  exposition,  shall  be  limited  to  and  paid  out  of  the 
appropriation  of  five  million  dollars  herein  provided  for  such  pui*pose. 

Sec,  20,  That  there  shall  be  repaid  into  the  Treasury  of  the  United 
States;  the  same  proportionate  amount  of  the  aid  given  by  the  United 
States  as  shall  be  repaid  to  either  the  Louisiana  Purchase  Exposition 
Company  or  the  city  of  Saint  Louis:  Pnwlded,  That  this  section  shall 
not  lie  taken  or  construed  to  give  the  United  States  a  right  to  share  in 
the  proceeds  of  said  exposition  beyond  the  actual  amount  appropriated 
to  aid  in  carrying  forward  said  exposition. 

Sec.  2L  That  any  bank  or  trust  company  located  in  the  city  of 
Saint  Louis,  or  State  of  Missouri,  may  be  designated  by  the  Louisiana 
Purchase  Exposition  Company  to  conduct  a  banking  otBce  upon  the 
exposition  grounds,  and  if  the  bank  so  designated  shall  be  a  national 
bank,  upon  such  designation  being  approved  by  the  Comptroller  of 
the  Currency,  t^aid  national  bank  is  hereby  authonzed  to  open  and 
conduct  such  office  as  a  branch  of  the  bank,  subject  to  the  same  restric- 
tions and  having  the  same  rights  as  the  l)ank  to  which  it  belongs: 
J*rtwided,  That  the  branch  office  authorized  hereby,  if  the  same  shall 
l>e  a  branch  of  a  national  bank,  shall  not  be  operated  foi'  a  period 
longer  than  two  years,  beginning  not  earlier  than  July  first,  nineteen 
hundred  and  two,  and  closing  not  later  than  July  first,  nineteen  hun- 
dred and^four. 

Skc,  .22.  That  no  citizen  of  any  foreign  country  shall  be  held  liable 
for  the  infringement  of  any  patent  granted  by  the  United  States,  or  of 
any  trade-mark  or  label  registered  in  the  United  States,  where  the  act 
complained  of  is  or  shall  be  performed  in  connection  with  the  exhibi- 
tion of  any  article  or  thing  at  the  Louisiana  Purchase  Exposition. 

Sec.  23.  That  the  Secretary  of  War  be,  and  he  hereby  is  authorized, 
at  his  discretion,  to  detail  for  special  duty,  in  connection  with  the 
Louisiana  Piirchast!  Exposition,  such  officers  of  the  Army  as  may  be 
required,  to  report  to  the  general  commanding  the  Department  of 
Missouri;  and  the  officers  thiis  detailed  shall  not  be  subject  to  loss  of 
pay  or  rank  on  account  of  such  detail,  nor  shall  any  officer  or  employee 
of  the  United  States  receive  additional  pay  or  compensation  because 
of  services  connected  with  the  said  exposition  from  the  United  States 
or  from  said  exposition. 

Sec.  24.  That  nothing  in  this  Act  shall  be  so  t^nstrued  as  to  create 
any  liability  of  the  United  States,  direct  or  indirect,  for  any  debt  or 
obligation  incurred,  nor  for  any  claim  for  aid  or  jjecuniary  assistance 
from  Congress  or  the  Treasury  of  the  United  States  in  support  or 
liquidation  of  any  debts  or  obligations  created  by  said  commission. 

Sec.  25.  That  as  a  condition  preeedent  to  the  payment  of  this  appro- 
priation the  directors  shall  contract  to  close  the  gates  to  visitors  on 
Sundays  during  the  whole  duration  of  the  fair.  (Approved  March  3, 
1901;  Statutes  XXXI,  1440.) 


i,z.dbvGo(>^lc 


lib,  Google 


8.    P.    L^lSrQLEY, 

SECRETARY  OF  THE  t^MITHSONIAN   INSTITUTION, 
FOR  THE  YEAR  ENDING  JUNE  30,  19«l. 


To  the  Btxu'd  iif  RmjenU  oftltv  Smitlisonuin  ftislitutioji. 

CtENTLKHKN  :  1  have  the  honor  to  present  herewith  my 
repoit  showing  the  operations  of  the  Institution  during  the 
year  ending  June  SO,  ISJOl,  including  the  work  plai^  under 
itis  direction  by  Congress,  in  the  United  states  National 
Museum,  the  Bureau  of  American  Ethnology,  the  Interna- 
tional Exchanges,  the  National  Zoological  Park,  and  the 
Astiophysical  Observatory. 

Following  the  precedent  of  several  years,  I  have  given,  in 
the  body  of  this  report,  a  general  account  of  the  affairs  of 
the  Institution  and  its  bureaus,  while  the  appendix  presents 
more  detailed  statements  by  the  pei-sons  in  direct  chai^  of 
the  different  branches  of  the  work.  Independently  of  this, 
the  operations  of  the  National  Museum  are  fully  treated  in  a 
sepaiute  volume  of  the  Smithsonian  Report,  and  the  Kcport 
of  the  Bureau  of  American  Ethnology  constitutes  a  volume 
prepared  under  the  supervision  of  the  Director  of  that  Bui'eau. 

THE  SMITHSONIAN  INSTITUTION. 

THE    l^TAULISHMENT. 

By  act  of  Congress  approved  August  10,  1846,  the  Smith- 
sonian Institution  was  created  an  Establishment.  It-*  statutory 
memlMjrs  are  the  President,  the  Vice-President,  the  Chief 
Justice  of  the  United  States,  and  the  heads  of  the  Executive 
Departments.  The  prerogative  of  the  Establishment  is  "the 
8M  1901 1  1 
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uuperviiiioii  of  tbe  affairs  of  the  Institution  and  the  advii^and 
inijti'uction  of  the  Board  of  Regents." 

On  Mai-ch  i,  1901,  the  vat-ancy  in  the  membcrsbip  of  the 
Bstablishinent  which  had  existed  eince  the  death  of  Vice-Presi- 
dent Hobai-t,  on  November  21, 1899,  was  filled  by  the  election 
of  the  Hon,  Theodore  Roosevelt  to  the  Vice- Presidency.  The 
Hon.  John  W.  Griggs  resigned  as  Attorney-General  and  was 
succeeded  by  the  Hon.  P.  0.  Knox. 

As  denized  on  June  30,  the  Establishment  consisted  of 
the  following  ex-officio  members: 

William  McKinley,  Pre«id<.-iii  of  the  b'ji'ited  States. 

Theodore  Roosevelt.  Vlce-PreDidettt  of  the  VnlUd 
States. 

Melville  W.  Fuller,    Chief  Justice  of  t/te  United 
States. 

John  Hay,  Secretary  of  State. 

Lyham  J.  Gage,  Secretary  of  the  Treaxury. 

Elihu  Root,  Secretary  of  War. 

Philander  C.  Knox,  Attorney-  General. 

Charles  Emory  Smith,  Postmaster- Geneiid. 

John  D.  Long,  Secretary  of  the  Navy. 

Ethan  Allen  Hitchcock,  Secretary  of  the  Interior. 

James  Wilson,  Secretary  of  Agriculture. 

BOARD  of  regents. 

The  Board  consists  of  the  Vice-President  and  the  Chief 
Justice  of  the  United  States  as  ex-officio  members,  three 
members  of  the  Senate,  three  membei-s  of  the  House  of 
Representatives,  and  six  citizens,  "two  of  whom  shall  be 
residents  of  the  city  of  Washington  and  the  other  four  shall 
be  inhabitants  of  some  State,  but  no  two  of  them  of  the 
same  State." 

In  accordance  with  a  resolution  of  the  Board  of  Regents 
adopted  January,  1890,  by  which  its  annual  meeting  occurs 
on  the  fourth  Wednesday  of  each  year,  the  Board  met  on 
January  23,  1901,  at  10  o'clock  a.  m. 

The  following  is  an  absti-act  of  its  proceedings,  which  will 
be  found  in  detail  in  the  annual  report  of  the  Board  to 
Congress: 

The  Secretary  announced  the  death  on  October  17, 1900,  of 
Dr.  William  Lync  Wilson,  and  said  that  be  could  not  refrain 
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from  expressing  his  own  personal  sense  of  loss  at  the  removal 
of  one  whose  broad  scholarship  and  large  experience  in  public 
affairs  were  joined  to  a  disposition  which  made  htm  at  once  the 
most  valued  and  sympathetic  of  counselors.  The  Hon.  J.  B. 
Henderson,  chairman  of  the  Executive  Committee,  also  made 
some  pei'sonal  references  to  Mr.  Wilson,  which  tf^ther  with 
the  action  of  the  Board  in  his  memory  will  be  found  under 
the  head  of  "Necrology." 

The  vacancy  in  the  Board  causetl  by  the  death  of  Mr.  Wilson 
was  filled  by  the  appointment  of  the  Hon.  George  Gray 
through  a  resolution  of  Congress  approved  January  14, 1901. 

The  Secretary  presented  his  report  of  the  operations  of  the 
Institution  for  the  fiscal  year  ending  June  30,  1900,  calling 
especial  attention  to  the  subject  of  the  Exchanges,  in  whose 
liehalf  he  had  visited  England,  France,  and  German}',  and  had 
endeavored  to  secure  better  arrangements  with  those  coun- 
tries, and  he  hoped  that  from  France  and  perhaps  from  Ger- 
many fuller  returns  might  be  expected. 

He  also  spoke  of  the  Zoological  Park  and  his  desire  that 
the  Government  would  place  in  that  city  of  refuge  for  the 
vanishing  animal  races  of  the  North  American  continent,  some 
specimens  of  the  giant  animals  of  Alaska. 

Mr.  Hitt  here  brought  to  the  attention  of  the  Board  the 
oration  which  had  been  delivered  upon  the  occasion  of  the 
conferring  of  the  di^ree  of  Doctor  of  Science  upon  the 
Secretary  by  the  University  of  Cambridge,  England,  which 
Mr.  Henderson,  whom  the  Regents  "knew  to  be  a  scholar 
who  loved  the  tasks  of  scholarship,  had  translated  into  such 
English  as  Horace  would  have  used  if  he  had  to  speak  in 
that  tongue."  It  was  ordered  that  the  address  of  the  public 
oi'ator  and  the  translation  by  Mr.  Henderson  be  placed  upon 
the  record. 

After  the  adoption  of  the  reports  of  the  executive  and  per- 
manent committees  which  had  been  presented  by  Mr.  Bell  in 
the  absence  of  their  chairman,  Senator  Henderson,  attention 
was  called  to  the  fact  that  a  vacancy  existed  in  the  executive 
committee,  caused  by  the  death  of  Dr.  Wilson,  and  upon 
resolution,  the  Hon.  R.  R.  Hitt  waeelected  to  fill  this  vacancy. 

The  Royal  Prussian  Academy  of  Sciences  having  invited  the 
Institution  to  participate  in  the  celebration  of  the  two  hun- 
dredth anniversary  of  its  foundation,  on  the  19th  and  20th  of 
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Man,h,  ll«Hl,  the  Hon.  Andrew  U.  Wh!t.\  United  States  Am- 
liassador  at  Berlin  and  a  member  of  the  Hoard,  wan  i-e<jue.st«l 
to  represent  the  Institution  on  this  noteworthy  wcacion.  A 
suitably  engi-osaed  address  was  transmitted  through  the  De- 
partment of  State  and  presented  by  Dr.  White  to  the  Prussian 
Ai-ademy.  the  acknowledgment  of  which,  together  with  an 
interesting  letter  from  Dr.  Whit<'  describing  the  ceremonies, 
were  laid  before  the  Board.  Dr.  White  descril»ed  the  exer- 
cises as  having  been  of  exceptional  interest.  They  took  place 
in  the  Royal  Palace,  where  the  Kuipei-or  received  the  entire 
body  of  guests  in  state,  surrounded  by  the  high  functionaries 
of  the  Empire  bearing  the  royal  insignia,  while  the  Monarch 
on  the  throne  delivered  an  address  of  welcome.  Later  there 
were  entertainments  in  honor  of  the  delegates,  not  only  by 
the  King,  but  by  the  Chancellor  of  the  Empire  and  others. 
On  the  second  day  there  occurred  a  general  reception  in  the 
gi'eat  hall  of  the  Prussian  legislature,  which  was  also  very 
impressive. 

The  Secretary  added  that  Dr.  White  had  further  said  in  con- 
vci'sation  that  in  all  his  experience  as  a  ministi-r  to  European 
eourts  he  had  never  seen  so  imposing  a  display  of  cereuionial 
munificence. 

L'nder  unfinished  business  (here  came  up  the  resolution 
introduced  by  Dr.  Bell  with  refoi'cnce  to  the  utilization  of 
scientific  bureaus  of  the  Government  for  pur|X)ses  of  research. 
The  resolution  in  the  form  it  had  been  offered  at  the  previous 
meeting  was  withdrawn  by  Dr.  Bell  and  the  following,  which 
contained  some  alterations  intended  to  meet  the  views  of  other 
members  of  the  executive  committee,  was  presented; 

In  order  to  facilitat^^  the  utilization  of  the  Government 
Departments  for  the  purposes  of  research — in  extension  of  the 
policv  enunciated  by  Congress  in  the  joint  resolution  approved 
April  12,  181t2: 

R('8iili'ed,  That  it  is  the  sense  of  the  Board  that  it  is  desira- 
ble that  Congress  extend  this  resolution  so  as  to  affoi-d  facili- 
ties for  study  to  all  projwrly  qualJHed  students  or  gmduates 
of  universities,  other  than  those  mentioned  in  the  resolution, 
and  provide  for  the  appointment  of  an  officer  whose  duty  it 
shall  l>e  to  asceitain  and  make  known  what  facilities  for 
i-esearch  exist  in  the  Government  Departments,  and  arrange 
with  the  heads  of  the  DepaHments.  and  with  the  officers  in 
charge  of  (Jovermnent  collections,  on  terms  satisfactory  to 
them,  rules  and  regulations  under  which  suitably  qualified 
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persons  may  have  access  to  tbese  collections  for  the  purpose 
of  research  with  due  regard  to  the  needs  and  requirements  of 
the  work  of  the  Government;  and  that  it  .xhall  also  be  his 
duty  to  direct,  in  a  manner  satisfactory  to  the  heads  of  such 
Departmenta  and  officers  in  charge,  the  retxsirches  of  such 
persons  into  lines  which  will  promote  the  interests  of  the 
Government  and  the  development  of  the  natural  resources, 
agriculture,  manufactures,  and  commerce  of  the  country,  and 
(generally)  promote  the  proeresa  of  s<'-icnce  and  the  useful 
arts,  and  the  increase  and  diffusion  of  knowledge  among  men. 

After  some  discussion  by  the  Regents,  on  motion  the  reso- 
lution was  adopted. 

The  Secretary  also  brought  to  the  attention  of  the  Board  a 
letter  received  from  Genoa  indicating  the  necessity  of  remov- 
ing the  remains  of  James  Smithson,  interred  in  the  British 
burial  ground  at  Genoa,  to  a  new  cemetery  which  was  to  be 
chosen  later  on,  and  requesting  to  be  informed  of  the  wishes 
of  the  Regents.  After  some  discussion,  in  which  the  desira- 
bility of  bringing  the  remains  to  this  country  was  adversely 
considered,  the  following  resolution  was  adopted: 

Remind^  In  view  of  the  propased  abolition  of  the  English 
cemetery  at  Genoa,  which  contains  the  i-emains  of  James 
Smithson,  that  the  Secretary  be  requested  to  arrange  either 
with  the  English  ehurehor  with  the  authorities  of  the  iS'ational 
Burying  Ground  at  Genoa  for  the  reinterment  of  Smithson's 
remains,  and  the  transfer  of  the  original  monument. 

The  Secretary  then  made  his  customary  statement  to  the 
Board,  remarking  that,  in  view  of  the  lateness  of  the  hour,  he 
would  pass  over  some  of  the  matters  alxjut  which  he  had 
intended  to  speak,  and  among  others  a)>out  the  continuation 
of  his  experiments  in  a^rodromics  and  the  results  of  the 
eclipse  expedition  of  May,  11100,  which  had  since  been  made 
public.  The  observation  of  the  eclipse  had  left  one  oi-  two 
interesting  but  unsettled  questions,  and  he  had  determined  to 
send  out  a  small  expedition  to  Sumatra  oti  the  occasion  of  the 
exceptionally  important  eclipse  of  the  sun  in  May,  1901. 

He  brought  to  the  attention  of  the  Boai-d  the  proposed 
expedition  to  Babylonia  under  Dr.  Edgar  James  Banks,  who 
had  gone  to  Constantinople  in  the  hope  of  securing  permission 
to  excavate  the  town  of  Mugheir,  which,  according  to  tra- 
dition, is  the  site  of  the  Ur  of  the  Chaldees  from  which  Aluii- 
ham  c»me.     The  mat4>rial  result^  of  such  expedition,  if  an}'. 
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which  underTurkish  lawmijrht  beallowpd  to  leave  the  country. 
would  be  deposited  in  the  ini^tttution. 

He  also  reviewed  briefly  the  greatly  improved  condition  of 
the  Smithsonian  Deposit  in  the  Library  of  CongresM  since  the 
new  (jiiarters  had  been  erected,  calling  attention  to  the  fact 
that  a  funi  of  not  less  than  t5t>,0M>  would  probably  be  required 
to  supply  the  defects  in  this  Deposit  due  to  the  lack  of  atletjuntc 
provision  for  it  by  Congress  during  the  past  twenty  years, 
and  to  fill  in  the  impoiiant  sets  of  periodicals  which  can  not 
l»c  se<iured  by  exchange. 

He  reminded  the  Regents,  in  connection  with  the  projected 
International  Catalogue  of  Si-ientific  Literature,  that  the  Hi-st 
step  to  such  a  catalogiip  had  l>een  taken  many  yeai-s  since  by 
Professor  Henry,  that  the  support  of  the  catalogue  by  private 
universities  and  libraries  in  this  country  had  been  prompt  and 
gratifying,  and  that  there  remained  but  the  supplying  of  the 
material  for  the  United  States,  for  which  be  hoped  Congre.ss 
would  provide,  and  while  waiting  its  action  for  carrj'ing  on 
.  the  work  in  the  interim,  he  had  made  a  strictly  temporary 
provision  with  the  aid  of  the  funds  of  the  Institution.  It  was 
not  intended  by  him  to  recommend  any  permanent  contribu- 
tion from  the  Institution's  limited  funds. 

The  Secretary  then  made  a  statement  with  regard  to  the 
Museum  and  its  needs,  announcing  that  he  had  recently 
arranged  that  the  Assistant  Secretary  should  give  his  pei-sonal 
attention  chiefly  to  the  Mu.seum;  that  he  l>elieved  that  the 
Committee  on  Appropriations  was  getting  to  see  the  inevitable 
necessity  of  enlarging  the  Museum  buildings,  that  with  this 
would  come  lat^r  responsibilities,  and  that  this  growth  and 
the  confidence  of  the  community  and  of  the  Congnws  were 
due  in  a  large  measure  to  their  belief  in  that  inipartiid  rule 
of  the  Regents  which  has  in  the  past  guaranteed  iMjnMidrni- 
tion  and  fairness  in  the  selection  of  Museum  officers  and  sIji- 
bility  in  its  policy. 

Finally,  the  Secretary  called  attention  to  the  fact  that  Ihr 
continued  independence  and  usefulness  of  the  Institution  would 
depend  in  a  large  measure  upon  the  increase  in  its  endowment. 
When  the  Institution  was  established  over  tifty  years  ago,  its 
fund  of  $600,000  was  relatively  a  large  one,  twice  as  larj,"?  Jis 
that  of  Yale  College,  larger  than  that  of  Princeton,  Colunihiii. 
and  the  University  of  Pennsylvania,  and  only  equaled  hy  tlic 
fund  of  Harvard.     The  Institution's  endowment  has  in  the 
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fifty  years  increased  but  from  $600,000  to  somewhat  leas  than 
$1,000,000,  but  the  avt^rage  endowment  of  the  five  universities 
named  is  now  about  $8,000,000,  indicating  that  in  this  regard 
the  Institution's  fund  for  scientific  puiposes  is  relatively  unim- 
portant compared  with  what  it  was  fifty  years  ^o. 

The  Secretary  announced  to  the  Regents  the  fact  that  sev- 
eral new  bequests  had  been  made  to  the  Institution,  though 
none  of  these  were  realized  at  present.  While  the  Institution 
has  scrupulously  refi-atned  from  even  the  appearance  of  solic-- 
iting  funds,  yet  he  felt  that  its  own  utility  depended  largely 
upon  the  increase  of  the  means  which  were  directly  at  the  dis- 
position of  the  Regents.  He  a^ked  for  any  instructions  as  to 
the  employment  of  means  consonant  with  the  position  and 
actual  independence  of  the  Institution  for  making  it«  fitness 
as  a  conservator  and  administiutor  of  gifts  and  legacies  known 
to  the  general  public,  and  he  spoke  of  the  desirability  of  a 
wider  circulation  of  the  Secretary's  report  and  Appendix,  to 
which  he  bad  given  of  late  much  personal  care.  A  discussion 
upon  the  subject  arose,  but  the  Board  adjourned  without  taking 
any  action. 

APPOINTMENT  OF   REGENTS. 

The  Hon.  Shelby  M.  Cullom,  whose  term  of  officeas  Regent 
expired  March  4,  1»01,  wa.s  on  March  7  reappointed  by  the 
President  of  the  Senate,  and  the  Hon.  Francis  M.  Cockrell, 
Senator  from  Missouri,  was  appointed  to  succeed  the  Hon. 
William  Lindsay,  whose  term  as  United  States  Senator 
expired  on  March  4,  1901. 

As  oi^nized  at  the  end  of  the  fiscal  year,  the  Board  of 
Regente  consisted  of  the  foUowmg  members: 

The  Hon.  M.  W.  Fuller,  Chief  Justice  of  the  United  States, 
Chancellor;  the  Hon.  Theodore  Roosevelt,  Vice-President  of 
the  United  States;  Senator  S-  M.  Cullom;  Senator  O.  H. 
Piatt;  Senator  Francis  M.  Cockrell;  Reprej^entative  R.  R. 
Hitt;  Representative  Robert  Adams,  jr.;  Representative 
Hugh  A.  Dinsmore;  Dr.  James  B.  Angell;  Dr.  Andrew  D. 
White;  the  Hon.  J.  B.  Henderson;  the  Hon.  George  Gray; 
Dr.  A.  Gmham  Bell;  the  Hon.  Richard  Olney. 

ADMINI.STRATION. 

The  Secretary's  time  continues  to  Iw  chiefly  given  to  purely 
adminiatrative  duties,  while,  during  such  increasingly  limited 
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opportunity  a-n  present*)  itself  c«n»istflntly  with  (heae,  he  en- 
deavors not  only  to  oversee  it«  scientific  inventijjations  hut  to 
give  bin  personal  care  to  them.  UU  purpose  has  always  l)een, 
in  regard  to  the  former,  to  put  upon  those  in  imntediate  charge 
of  the  bureaus  of  the  Institution  all  the  authority  that  is  con- 
sistent with  his  own  responsibility  to  the  Iloard  of  R^'gents. 
He  has  already  mentioned  that  the  growth  of  those  bureaus 
has  thrown  upon  the  Institution  a  very  considerable  amount 
of  clerical  lalwr  pertaining  to  (Sovernment  work,  so  that  the 
limited  income  of  the  Institution  is  drawn  upon  for  matt#is 
which  should  properly  l>e  provided  for  by  Congress. 

The  Board  has  authorized  the  Secretary  to  lay  these  matters 
before  Congress,  but  the  needs  of  other  parts  of  the  Institu- 
tion's sen-ice  have  seemed  so  pressing  that  he  has  as  yet 
deferred  doing  so  in  favor  of  such  other  demands. 

BUILDINGS. 

The  renovation  and  i-earrangement  of  storage  rooms  in  the 
.south  tower  wa-s  continued  during  the  year,  and  in  the  ha.se- 
ment  additional  space  was  arranged  for  the  nse  of  the  inter- 
national exchanges.  Work  was  also  begun  toward  the  con- 
struction of  a  tunnel  between  the  Smithsonian  and  Museum 
buildings  for  carrying  steam  pipes,  with  the  intention  of 
centralizing  the  heating  apparatus  and  utilizing  new  Museum 
Iwilers  for  heating  both  buildings.  Improvements  in  the 
Museum  building  and  in  the  buildings  at  the  Zoological  Park 
are  mentioned  elsewhere, 

FINANCKfi. 

The  permanent  fimds  of  the  institution  are  as  follows: 

Bequest  ol  Smithiwn,  lfU6 f.^)l.=i,  Ififl.  00 

Ite8i(ia8r>-  leiracy  o(  8niith»>n,  18G7 26, 210. 63 

De[)OBitt<  from  saving)  of  income,  IHtt? lOH,  Oai.  .17 

Bequest  of  James  Hnmiltou,  1875 $1 .  000 

Arcumulated  intervut  on  Hamilton  futiil,  IKO.! 1,000 

2, 000. 00 

Bequcet  of  Simeon  Habel,  1880 .500. 00 

DepoaitH  from  im>c»'i'(l8  of  sale  of  iKindu,  IKKl .^1,.W0.00 

Gift  of  ThomM  «.  HoiigkinB,  18111 200.000.00 

Portion  of  rediluarj'  kfau;y  of  Thomas  (i,  IIocl^ikinR,  18<I4 8,000,00 

Total  iiermanent  fund Hlg,000.00 
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In  addition  t«  the  alwve  permanent  fund,  the  RegentH  hold 
certain  approved  railroad  ItonAs  which  fonii  part  of  the  fund 
established  by  Mr,  Hodgkina  for  inveatigations  into  the  prop- 
erticM  of  atmospheric  air. 

The  act  organizing  the  Institution  {sec,  5591.  U.  S.  Revised 
Statutes)  was  amended  by  act  of  Congretw  approved  Maroh 
12,  J894,  as  follows; 

The  Secretary  of  the  Treasury  is  authorized  and  directed  to 
receive  into  the  Treasury  on  tne  same  teniw  aw  the  original 
bequest  of  Jair  .■»  Sniithson  such  sums  as  the  Regents  may, 
from  time  to  time,  nee  tit  to  deposit;  not  exceeding  with  the 
original  l)equest  the  sum  of  one  million  dollars:  J*rtyt}ided, 
Tliat  this  shall  not  operate  as  a  limitation  on  the  power  of  the 
Smithsonian  Institution  to  receive  money  or  other  propertj' 
by  gift,  bequest,  or  devise,  and  to  hold  and  dispose  of  the 
same  in  promotion  of  the  purposes  thereof. 

Under  this  provision  the  permanent  fund  of  $912,000  is 
deposited  in  the  Treasury  of  the  United  States,  and  bears 
interest  at  6  per  cent  per  annum.  The  interest  alone  is  em- 
ployed in  carrying  out  the  aims  of  the  institution. 

The  unexpended  balance  at  the  beginning  of  the  fiscal  year, 
July  1,  l!tO(»,  as  stated  in  my  last  report,  was  *7t),'219.07. 
The  total  receipts  by  the  Institution  during  the  year  were 
iiwifi.829.39.  Of  this'sum  $5(>,4t)0  was  derived  from  interest, 
while  the  remaining  $10, -129. 39  was  received  from  mi.'scellane- 
OHs  sources. 

The  amount  disliursed  during  the  year  was  $59,085.20,  the 
details  of  which  are  given  in  the  report  of  the  executive  com- 
mittee. The  balance  remaining  to  the  credit  of  the  Secretary 
on  June  30,  1901,  for  the  expenses  of  the  Institution  was 
$S3.!)63.26.  which  includes  the  $10,000  specifically  referred  to 
in  previous  reports,  as  well  jis  the  interest  accumulated  on  the 
Hodgltins  and  other  funds,  which  is  held  against  certain  con- 
tingent obligations,  besides  relatively  t^nsidcrable  sirnis  held 
to  meet  liabilities  which  may  be  expected  to  mature  as  a  result 
of  various  scientific  investigations  and  pulilioations  in  progress. 

During  the  fiscal  year  of  1901  Congi-ess  charged  the  Insti- 
tution with  the  disbursement  of  the  following  appropi'iations: 

Intematiunal  Exchanges,  Smith Hitnian  In^tilulion (24,000 

Aiuerifsn  Kthnology,  t>iiiiU)»«uniau  Institution 50, 000 

Astrophyxitsl  Obeervalory,  Smithfionisii  InHtitution (12,  OOO 

ObwirvaUon  of  etlips^  of  tlie  sun,  May  28,  ItfOO 4, 000 

1G,000 
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United  States  National  Museum: 

Furniture  and  fixtures $17,500 

Heating  and  lighting IT,  5O0 

Preservation  o(  collections 180, 000 

Purchase  of  BpecimenM 10, 000 

Poeta§;e 600 

Booka 2,000 

Bent  of  workahope 4, 010 

Bepaire  to  buildingH 15,000 

Printing 1 7, 000 

$263,540 

National  Zoological  Park 76, 000 

428,540 
AU  the  vouchers  for  diubur^ements  madp  dnnng  the  fiacal 
year  have  been  ex»niincd  by  the  executive  conimitt£,e,  and  a 
detailed  statement  of  the  receipts  and  expenditures  will  be 
found  reported  to  Congress  in  accordance  with  the  provisions 
of  the  sundry  civil  acts  of  October  2,  1888,  August  5,  1892, 
and  March  3,  1899,  in  a  letter  addreaied  to  the  Speaker  of 
the  House  of  Repi'esentatives. 

The  vouchers  for  all  the  expenditures  from  the  Smithsonian 
fund  proper  have  likewise  been  examined  and  their  correctnei** 
certified  to  by  the  executive  committee,  whose  statement  will 
!«  published,  together  with  the  accounts  of  the  funds  appro- 
priated l»y  Congress,  in  the  report  of  that  committee. 

For  carrying  on  the  Government's  int«re.fta  under  the 
charge  of  the  Smithsonian  Institution  for  the  fiscal  year  end- 
ing June  30,  1902,  estimates  were  forwarded  as  usual  to  the 
Secretary  of  the  Treasury.  The  following  table  shows  the 
estimates  submitted  and  the  sums  respecti\ely  appropriated: 

'  Killimflliw  '  APPf^Pff*' 

Inlernalionftl  Exchsngca tJ4,l»«  KJ.OOO 

Amerlpwi  ElbnoUigy .'  tw.ooo  j  So.ooo 

AnImphyKl™!  ObmTVBtnrj- 15.IWU  i  la.OCO 

NaUi>nal  Miweum:  i 

FvimilureandHxlurM 20,  CW  20,000 

Heating  and  llnhting ■JS.OOO  2;!,000 

Newboilew l-i.bti  '  n.fm 

Preservalion of  coHestloim 1KI.(W>  .  IW.OOO 

i'nrchaw!  of  Bpecimena Wi,  000  10, 000 

Repairs  to  bulldltlgs l»,!iOU  IS,  000 

Galleries -,!,.'iO0  ,  5,000 

Rpnl  o(  workshops '  J.  010  4.UX) 

l-ostage .' j  ftoo  I  WO 

I'rlmlng |  17,000  IT.COO 

Nalional  Zoologtcal  Park i  120,000  I  SO.OOU 
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It  was  a  part  of  the  original  plan  of  the  Institution  that  its 
Seoi-etary  should  not  give  his  time  wholly  to  administrative 
duties,  but  should,  as  a  student  of  nature,  directly  aid  in  itw 
scientitic  investigations,' 

Hesesreh  work  in  various  fields  of  science  has  been  contin- 
ued by  the  Institution  and  its  dependencies.  The  Secretary 
ha8  made  some  progres^^  toward  the  solution  of  the  problem 
of  mechanical  flight,  and  in  the  Astrophysical  Observatory 
has  continued  work  believed  to  be  important,  which  is  de- 
scribed later. 

Through  the  Museum  and  the  Bureau  of  American  Ethnol- 
ogy the  Institution  has  been  enabled  to  carry  on  various  bio- 
logical and  ethnological  researches  which  will  be  found  fully 
described  elsewhere  in  this  report  and  need  not  be  repeated 
here. 

HODGKINB  FUND. 

Among  the  many  applications  for  grants  from  the  Hodg- 
kins  fund,  it  has  been  found  practicable  to  approve  several 
which  conform  to  the  conditions  of  the  bequest,  and  investi- 
gations in  variouH  lines  of  original  research  are  making  satis- 
factory advances  as  mentioned  below. 

In  November,  1900,  a  grant  was  approved  on  behalf  of 
Prof.  Wallace  C.  Sabine,  of  Harvard  University,  for  the  aid 
of  his  investigations  on  sound,  the  particular  phase  of  the 
problem  under  investigation  being  the  subjetrt  of  loudness 
and  interference.  This  research  requires  apparatus  of  special 
design,  part  of  which  is  now  complete  and  is  satisfactory. 

Professor  Sabine,  who  had  charge  of  the  design  of  the  new 
symphony  hall  in  Boston,  baa  for  several  years  given  much 
attention  to  the  problem  of  architei^tural  acoustics,  or  the 
science  of  sound  as  applied  to  buildings.  It  is  expected  that 
his  complete  report  will  be  of  much  practical  interest  in  con- 
nection with  this  subject. 

In  December,  15)00,  Mr.  C.  Canovetti,  chief  engineer  of  the 
city  of  Brescia,  Italy,  made  an  application  for  a  Uodgkins 

'  Bef^ned,  That  the  Secretary  rontinue  his  rewarches  in  physical  science, 
and  present  such  facte  and  princlplei^  an  may  \ie  developed,  for  publication 
in  the  Hmitheonian  Contributions.  (AdopttKl  at  iii{«ting  of  the  Board  of 
BeseDte  January  36,  1X47.) 


^dbvGooglc 


12  REPORT   OK   THE   SECRETARY. 

grant,  at  the  same  time  lunnffintf  to  my  attention  hi«  experi- 
ments whieh  have  been  awarded  prizes  l)y  the  S<H-i^t^  d'En- 
courageirient  poui'  I'lndiistrie  Nationalo,  of  Paris,  and  by  the 
Kcale  Actidemia  dei  Lincei,  of  Rome. 

As  is  cUHtonmry.  "le  application  received  the  <'onsideration 
of  specialistjj  in  the  liranch  of  atmospheric  rcwearoh  pursued 
by  Mr.  Canovetti,  and  aft<ir  the  acceptance  by  him  of  the  con- 
ditions set  forth  in  the  llodgkins  circular,  a  modei-aU-  grant 
was  approved  on  his  t)ehalf  in  Apnl,  I'.'Ol,  for  experiments 
now  in  progress,  which  will  l>e  reported  on  later. 

Detnils  of  the  progi'ess  to  date  of  the  research  mentioned 
in  my  lost  report  as  conducted  by  Dr.  Victor  Schumann,  of 
Leipzig,  have  l>een  received.  The  most  noteworthy  points  in 
the  results  so  far  refer,  perhaps,  to  the  relation  of  light  and 
electricity  and  to  the  probable  insight  into  the  nature  of  the 
Roentgen  rays  to  l)e  gained  in  the  coui-se  of  this  investigation. 
The  interest  in  this  subject,  in  both  popular  and  scientific  cir- 
cles, is  now  so  widespread  that  permission  has  l>een  given  to 
Dr.  Schumann  to  annotmee  independently  in  i*ome  journal  in 
his  own  country  the  discovericn  made  in  the  progress  of  his 
research,  reporting  them  at  the  same  time  to  the  Institution. 
It  is  felt  that  this  coui-se  will  subserve  the  cause  of  science 
by  satisfying  the  immediate  and  general  interest  in  this  sub- 
ject, and  that  it  will  also  justly  tend  to  establish  Dr.  Schu- 
mann's right  of  priority  in  hU  own  researches. 

The  investigations  of  Dr.  von  Jjendenfeld,  of  the  University 
of  Prague,  are  still  in  progress,  and  it  in  anticipated  that  his 
final  report,  which  is  now  awaited,  may  furnish  data  availa- 
ble for  greatly  improving  the  construction  of  the  meteorolog- 
ical kites  now  in  constant  use,  and  thus  be  the  means  of  adding 
materially  to  our  knowledge  of  atmospheric  conditions  at  high 
altitudes,  the  practical  application  of  whi<^h  is  of  such  geneml 
interest  and  usefulness. 

The  interesting  experimentj*  in  connection  with  kites  and 
with  air  currents  at  varying  altitudes,  which  have  been  prose- 
cuted for  some  time  at  the  Blue  Hill  Meteorological  Oliser- 
vatory  by  Mr.  A.  Lawrence  Kotch,  are  still  in  progress,  an 
additional  grant  having  been  approved  this  year  on  behalf  of 
Mr.  Rotch. 

It  will  be  rememliered  that  the  original  grant  mentioned  in 
my  report  for  llS'.li  wjus  made  for  the  puipose  of  securing 
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aatoniatic  kite  records  at  a  height  of  over  10,0(K)  feet,  an  alti- 
tude which  MO  lately  an  four  years  ago  had  never  Iwen  attained. 
Succetuive  grants  have  since  been  made,  and  while  it  is  due  to 
the  persistence  and  skill  of  Mr.  Rotch  and  his  tussistants  that 
his  own  extraordinary  record  of  14,000  feet  has  been  surpassed 
by  bim,  It  is  a  matter  of  gratification  that  the  Hodgkins  fund 
of  the  Institution  has  in  some  way  been  associated  with  such 
result*. 

Dr.  Carl  Bams,  of  Brown  University,  whose  research  on 
ionized  air,  mentioned  in  my  last  repoit  as  having  been  aided 
by  a  grant  from  the  Hodgkius  fund,  has  during  the  progress 
of  his  investigation  frequently  summarized  his  provisional 
results  for  the  Institution.  As  in  other  cajjes,  because  of  the 
immediate  interest  attaching  to  this  investigation.  Dr.  Barus 
has  been  authorized  to  publish  preliminary  reports  of  his  prog- 
ress in  the  scientilic  journals.  In  April,  litOl,  this  research 
was  completed  and  reported  upon  in  detail  to  the  Institution 
so  far  as  concerned  the  discus.-jion  of  data  accumulated  since 
the  approval  of  the  Hodgkins  gmnt.  This  completed  i-cport 
i»  now  in  course  of  publication  in  the  Smithsonian  Contribu- 
tions to  Knowledge. 

This  research  on  atmospheric  conditions,  in  investigating 
the  production  of  nuclei,  dt-termining  their  numlwr  per  cubic 
centimeter,  their  velocity,  their  association  with  ionization, 
the  effect  of  the  pi'esencc  of  the  electric  field,  etc.,  proves 
interesting  not  only  in  its  own  methods  and  r&sults,  but 
because  of  it«  agreement  with  the  data  obtained  by  other 
investigators  from  different  experiments  and  theoretically 
different  pointJi  of  view. 

The  research  of  Prof.  Louis  Beviur,  of  Kutgers  College,  in 
connection  with  the  analysis  of  vowel  sounds  is  steadily  pro- 
gressing. During  the  year  detailed  studies  of  several  vowel 
sounds  have  been  made  with  results  which  agree  v^H  with  the 
conclusions  arrived  at  through  an  entirely  different  method 
by  von  Ilelraholtz  in  his  analysis  of  German  vowels. 

The  lower  resonance  detected  in  our  vowel  sounds  by  Dr. 
Bevier.  and  noti-ecorded  by  von  Ilelmholtz  save  for  "if,"  will 
later  be  the  subject  of  detailed  discussion  which  will  endeavor 
to  establish  and  explain  these  facts.  A  further  report  upon 
this  research  is  awaited  with  interest. 

In  December,  1900,  a  grant  was  appi-oved  on  l)ehalf  of  Dr. 
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Marey,  of  the  French  Itixtitute,  in  aid  of  his  experiments  on 
air  currents.  This  ret^earch  haa  l>een  DiKt«riallj  furthered  by 
the  successful  application  of  chronophot^raphy.  a  field  in 
which  Dr.  Marey's  experiments  have  heretofore  been  note- 
worthy. By  this  means  it  has  not  only  been  possible  to  ana- 
lyze the  movements  of  waves  and  currents  of  liquids  which 
are  invisible  to  the  naked  eye,  but  even  the  displacements  of 
molecules. 

From  reports  so  far  submitted,  but  as  yet  necessarily  incom- 
plete, it  is  believed  that  this  renearch  will  aid  materially  in 
the  solution  of  various  problems  connected  with  the  mechanics 
of  propulsion  in  fluids,  at  the  same  time  rendering  service 
in  solving  practical  questions  of  ventilation,  etc.  The  illus- 
tration indicating  the  method  of  making  visible  the  course 
of  these  otherwise  invisible  currenti^  round  an  obstacle  is 
appended. 

The  reader,  if  he  has  not  noticed  the  rare  experiment  of 
successful  machine  flight  of  heavy  bodies  through  the  air.  has 
probably  had  his  attention  called  at  times  to  the  extraordinary 
diflterence  between  the  performance  of  small  steam  vessels  like 
yachts  or  tugn,  where  with  equal  power  one  glides  through  the 
water  almost  as  though  it  offered  no  resistance,  while  another 
labors  in  rolling  a  formidable  wave  before  it.  The  same  dif- 
ferences occur  in  still  more  subtle  form  in  the  air.  We  can 
not  with  the  naked  eye  8e|iarately  see,  in  either  case,  the  cur- 
rents that  produce  the  effect,  but  by  Dr.  Marey's  most  inge- 
nious experiments  we  are  enabled  to  obtain  pbotogi-aphic 
records  from  which  we  can  study  the  forms  which  offer  the 
least  resistance  and  see  why  it  is.  A  single  illustration,  indi- 
cating the  influence  of  a  very  slight  divergence  from  the  best 
forms  in  the  case  of  the  air,  is  here  given. 

Theexperimentsof  Prof.  A.G.Webster,  of  Clark  University, 
on  the  prop^;ation,  reflection,  and  diffraction  of  sound  have 
achieved  a  result  of  prai-tical  value  in  the  construction  of  an 
instrument  capable  of  emitting  an  accurately  nieasured  sound. 
It  is  thus  possible,  in  treating  persons  of  defective  hearing,  to 
decide  with  exactness  as  to  the  degree  of  deafness  in  a  sul>- 
ject,  and  to  say  if  the  power  of  hearing  varies  at  different 
times.  An  instrument  which  furnishes  the  means  of  accu- 
rately determining  these  points  should  prove  of  value  in 
medical  treatment. 
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A  proliminary  report  has  been  received  from  Prof.  William 
Uallock,  of  Columbia  University,  New  York,  who,  a»  before 
stated,  iu  conducting  &  reseai'cb  on  the  motion  of  a  particle  of 
air  under  the  influence  of  articulate  sound.  General  investi- 
gations allied  to  this  subject,  which  are  carried  on  in  the 
laboratory  of  Columbia  University,  although  in  no  way  aided 
by  the  Hodgkins  fund,  have  contributed  helpfully  to  a  knowl- 
edge of  the  principles  underlying  these  experiments,  and  espe- 
cially to  certain  parts  of  the  investigation  referring  to  the 
relation  between  the  amplitude  of  vibration  of  an  air  particle 
and  the  amplitude  of  vibration  of  a  Sim,  or  dust  particle, 
suspended  in  the  air.  Dr.  Hallock's  reseamh  will  be  continued 
during  the  pi-esent  year,  when  a  final  report  is  expected. 

A  third  grant  has  been  approved  on  behalf  of  the  Journal 
of  Terrestrial  Magnetism  and  Atmospheric  Electricity,  the 
editor,  as  in  the  two  previous  years,  sending  to  educational 
establishmente  a  specified  number  of  copies  of  the  Journal,  in 
accordance  with  a  list  approved  by  the  Institution. 

The  conditions  requisite  to  the  approval  of  a  grant  from  the 
Hodgkins  fund,  and  to  which  applicants  give  assent  before 
final  action,  are  stated  in  the  Hodgkins  circular,  a  copy  of 
which  was  included  in  the  report  of  last  year.  It  may,  how- 
ever, be  here  repeated  that  should  an  investigation  be  of  con- 
siderable duration,  a  summary  of  pr<^ress  is  to  be  submitted 
to  the  Institution  at  the  end  of  six  months,  as  well  as  a  subse- 
quent report  recording  the  final  results  of  a  research. 

These  researches  arc,  in  the  words  of  Mr.  Hodgkins,  all 
devoted  to  the  "increaftC  and  diffusion"  of  more  "exact 
knowledge  in  regard  to  the  nature  and  properties  of  atmos- 
pheric air  in  connection  with  the  welfare  of  man,"  and  are 
aided  by  the  Hodgkins  fund,  it  is  hoped,  in  a  manner  which 
their  promoter  intended  when  he  made  his  gift  to  the  Institu- 
tion in  the  above  words. 

NAPLES  TABLE. 

Bealizing  that  the  opportunity  for  study  in  the  Naples 
Zoological  Station  is  an  especial  advantage  to  students  pre- 
pared to  do  original  work  in  embryologi(»l,  histological,  or 
other  fields,  the  Institution  is  desirous  of  granting  the  privi- 
lege of  the  Smithsonian  Table  to  all  applicants  so  qualified, 
and  with  thia  end  in  view  the  conditions,  which  are  here 
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rehearsed,  have  been  made  Much  as  can  be  easily  complied 
with.  The  appointing  power  rests  finally  with  the  Secretary, 
but  each  request  for  the  seat  with  iti^  mrcompanying  data  is 
referred  as  a  preliminary  step  to  the  Advisory  Committee 
for  recommendation,  and  this  year,  as  heretofore,  he  has  been 
indebted  to  the  committee  for  valuable  suggestions  in  this 
connection  and  has  been  very  usually  guided  by  their  advice. 

With  a  formal  application  for  the  table,  addressed  to  the 
Secretary  of  the  Institution,  a  summary  of  the  scientific  his- 
tory of  the  candidate  is  to  be  submitted,  together  with  such 
letters  of  recommendation  as  he  may  wish  to  place  on  record. 
These  credentials  should  contain  a  li-^t  of  the  original  papers 
which  have  been  pu))lished  by  the  applicant,  and  should  be 
accompanied  by  any  data  which  would  tend  to  establish  a 
capability  for  original  research,  such  as  conducted  by  those 
resident  at  the  station.  By  an  official  decision,  arrived  at  in 
the  interest  of  all  candidates,  the  table  is  not  assigned  more 
than  six  months  in  advance  of  the  date  for  which  it  is  desired, 
and  no  appointment  is  made  for  a  longer  period  than  six 
months,  although  a  student  may  apply  for  an  extension  of 
time  or  for  future  reappointment.  Few  investigators  have 
so  far  desired  to  remain  longer  than  six  consecutive  months 
at  the  station,  although  a  second  appointment  is  at  times 
requested,  and  applications  arc  not  infrequently  suhuiitted 
several  months  in  advance  of  the  period  when  it  is  in  order 
to  take  them  up  for  consideration. 

It  should  iw  again  noted  that  Smithsonian  appointees  are 
expected  to  report  to  the  Institution  at  the  termination  of 
their  term  of  occupancy,  or  preferably  at  the  end  of  each 
three  months,  in  case  of  a  longer  residence  at  the  station. 

The  following  appointments  to  the  Smithsonian  seat  have 
been  made  during  the  year; 

Dr.  P.  C.  Mcnsch,  of  Ursinus  College,  Collogcville,  Pa., 
whose  application  was  approved  during  the  summer  of  IIHKI, 
occupied  the  Smithsonian  Table  during  Noveml>er  of  the  same 
year. 

Dr.  F.  L.  StevciLS,  of  the  University  of  Chicago,  was 
appointed  for  May,  IfOl, 

Dr.  Bui-ton-Opitz.  of  Rush  College  and  the  University  of 
Chicago,  and  later  *'  VoluntJlr-Assistent "  to  Dr.  Hiirthle  in  the 
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phy;4iol(^iuLl  institute  of  tlie  Royal  University  of  Breslau, 
received  the  appointment  foi'  three  months  during  the  sum- 
mer of  1901. 

Applications  for  the  coming  year  arc  now  receiving  con- 
sideration. 

An  extract  from  an  open  letter  issued  by  Doctor  Dohrn.  the 
experienced  and  always  considcmto  Superintendent  of  the 
Station,  of  interest  to  the  newcomer  in  Naples,  is  given  in  a 
footnote.  The  student  who  ha»  been  authorized  to  occupy 
the  Smithsonian  Table  at  the  Station  will  do  well  to  address 
the  Institution  for  fuller  information  which,  for  lack  of  space, 
is  not  here  given.' 

*  Notm  longne  experience  nous  met  H  athne  de  donner  aux  personnett 
qai  d^irvnt  »e  reniire  jKiiir  la  premiere  (oiii  A  la  Station  Zoologiijue  quelqueH 
cohkIIh  ijui  leUT  fenint  f'|ier){ner  dii  lempe  et  <\e  rargent. 

/.  ClioU  du  mnleriet  d'etiide. — Veuillez  iiifomicr  le  plus  esacteinent  (|ue 
votui  [NiurnjirAdminiHtrationde  la  Station  ZooluKique,"i:|itazione  zoologies, 
Na|K)li,"  <1h  jour  de  vutre  arrivf'e  et  An  c-e  que  vouh  d^rex  t-tudier,  aBn  que 
noiw  puiwiunx  preparer  d'avance.  ei  t-ela  est  n^cessaire  et  |>OBBible,  le  nwt^- 
riel  dent  vouh  anrt;i-.  beimln.  II  seroit  avail tageiix  i>our  vous  d'indjqueren 
nu^ine  terniis  d'autres  objets  que  vuua  aurjex  I'intention  d'^tudler  pour  le 
CM  oft  le  inaWnel  viendrait  A  uianquer  leuiponiireiiient.  Si  vous  voules 
V01I8  ix-cuper  d'enihryolo)cic  iiouh  voiu  recomtiiandone  de  conxulter  pour 
votregouveme  leu  renseiKneiiients  que  noun  avuna  pnblii^«' Hur  la  ponte 
de«  u'uti',  eU'. 

i.  OntiUage. — Vous  trouverez  pluH  loin  la  liHte  di^taill^deceque  noua 
pourrons  vous  foumir  en  tait  d'u8tenailen,  de  r^ctifo,  etc.  Nous  vous 
prions  do  bieii  voulotr  en  tenir  conipte  en  faisant  vos  mailed.  Nous  vous 
eonsuilloiis  de  jiorter  votre  iiiierosiii[«  avec  vous,  coinine  petit  twgage,  «t 
de  ne  pas  le  placer  dans  vos  malles;  evitez  aurtout  ile  I'expedier  coiiin)<2 
colis,  car  soiivent  tii<^nie  I'eniballagc  le  plus  soigneux  n'einp^he  pas  lees 
awidents.  Ayez  les  ni<!inea  prOc^utions  h  I'^ijanl  ile  votre  tuicrotome. 
I^irsipie  lesiciliB  sont  exiWliUes  par  chemin  de  fer  il  faut  de  quatre  A  siac 
Beniaines  pour  lee  colis  ordinaire)>,  de  deux  A  trois  pour  ceux  par  grarKt*^ 
vitean-.  Les  instruments  et  les  livres  peuvent  plus  fadlement  eutrer  et^ 
trandiinB  s'ils  soiit  enibalK^s  avee  des  vi^tenieuts  di^jA  portt-s.  II  (audr^ 
•oujours  s'al«(enirde  mettre  dee  cigares  ou  du  tabac  dans  leecolisordi- 
naireo  oii  dans  ceux  par  grande  vJteiwe.  Comnie  adrexae  it  suOira  cjwo 
vous  ccriviez  votre  nom  suivi  de  " Klazione  Zoolc^<a,  Nspoli,"  Ce  sei-a 
auwi  la  meilleurt!  adresse  JKmr  vos  lettres,  etc.     •     •     • 

(b)  Miilrriel  (/Vdi.fe.— M.  Lo  Bianco  ira  H'iiifuriner  r^ilierenient  de  vos 

'Milili.  £.  sut.  Neapel,  1.  m..  187B.  p.  US  et  nilv.,  l:M  eHuiv.;  Z  Bd.,  IKSI.  p.  16^et 

»ulv.;  i.  Bd.,  IWW,  J.,  mi  ct  Milv. 

8H  luui — a 


^dbvGooglc 


18  REPORT   OP   THE   SECRETARY. 

EXPIX)  RATIONS. 

The  Institution  ba^  continued  to  utrrj  on  various  oiiiti'o- 
nomical,  biological,  and  ethnological  exploi-ations  through 
the  medium  of  the  Astrophysical  Ohservatory,  the  National 
Museum,  and  the  Bureau  of  American  Ethnology,  and  has 
aluo  cooperated  with  the  Executive  Departments  In  the^ 
directions.  The  details  of  most  of  these  exploi-ations  ai-e 
given  in  the  paragraphs  devot«d  to  the  several  bureaus. 

During  the  past  summer  the  Secretary,  In  a  journey  under- 
taken at  his  private  charges  in  search  of  rest,  departed  con- 
siderably from  the  beat«n  raute  of  travel  hy  making  a  voyage 
to  the  South  Pacific  Ocean,  where  he  visited  the  island  of 
Tahiti  and  was  there  particularly  fortunate  in  witnessing  the 
(«lebrated  "fire-walk"  ceremony  which  he  has  desciibed  in 
an  article  in  the  general  appendix  to  this  report. 

PUBLICATIONS. 

The  publications  of  the  Institution  represent  the  double  aim 
of  its  founder,  that  it  should  exist  for  (1)  the  *'  increase  "  and 
(2)  the  "diffusion"  of  knowledge. 

d^ttin  et  vouh  fere  porter  d^  le  lendemain  i  votre  p\etx  les  animaux  ot  Im 
|>lAntea  lea  plus  comniunes,  en  tant  que  poBsible.  11  est  fait  exception  pour 
les  diinanchea  et  lee  jours  <le  ff  te.  II  faudra  bieii  se  rappeler  que  le  materiel 
que  nouB  foumisKins  est  destine  cxoliuiveinent  aux  recherchee  et  non  ptia 
a  la  formation  de  collectiona  etrangires  d  v<m  ^tildes.    •    •    • 

(c)  I*  biblioth&jue  est  ouverte  aux  iiifimes  heuree  que  les  laboratoires, 
male  on  la  ferme  H  la  tonib^  du  jour. 

Si  VOUH  voulez  einporterun  livre  re)i^  de  la  bibliotli^ue  il  votiv  |>taivde 
travail,  vouh  n'aurez  qu'il  mettre  il  ea  place  un  carton  )iortaiit  le  iiatiiom 
qui  voufl  eel  f'chu.  On  inettra  i,  votre  disiKwilion  douze  de  ces  cartons 
dane  la  bibliothiJque  d'en  bas  et  ai<  dans  ceile  d'en  liaut 

Pour  avoir  lee  livree  non  relii's  vous  remettrez  un  re^u  au  bibliolliecaire. 
Les  jouniaux  et  les  brochures  qui  se  trouvent  sur  les  tables  de  lecture  iie 
pouiTont  pas  sortir  de  la  bibliothfque  sans  la  periuissioii  du  bib1ioth<k'aire. 
Pour  cmport«r  les  livree  cliez  vous  (qu'ils  Boientreli&<  uunon)  vousdevr«i 
toujours  en  d^livrer  un  regu  au  biblioth^caire  et  vous  serez  tenu  de  les 
rapporter  le  lendemain.  Le  bibliothecaire  vous  donuere  Its  reiiseifine- 
ments  n^cessaires  pour  que  vous  puii«iez  voua  Mirvir  aisemeiit  de  la  blblio- 
IhOque. 

Vous  nous  obligerei  en  avertii«ant  le  hib!ioth(Vaire  des  irr^gularitva  que 
vous  pourrez  trouverdans  les  livri«  (fcudlea  lU^iaclu'cf,  plandiea  di-chirik's 
ou  i>erduca).  Ayei  Boin  de  lenir  les  livrL-s  iiors  dy  tout  contact  avec  I'eau 
de  tuer,  et  de  ne  pas  lea  tarher  avec  des  sifnies  ou  des  notes. 

Avant  votre  depart  ayez  la  Iwnt*"-  de  runieltre  lous  Ici*  livres  A  ieur  place 
et  de  deuander  au  bibliothi'isire  s'il  u'a  i>hh  (Htr  liasard  quelque  revude 
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The  series  of  Contributiona  to  Knowledge  are  intended  to 
record  results  of  original  researches  in  science,  for  the 
increase  of  knowledge.  In  thia  series  there  has  Ijeeii  put  in 
course  of  publication  during  the  year  a  memoir  by  Dr.  Carl 
Barua  upon  experiments  in  ionized  air,  a  work  which,  as 
mentioned  above,  was  carried  on  with  a  gi-ant  from  the 
Hodgkins  fund. 

To  the  series  of  Miscellaneous  Collections  there  have  been 
added  a  bibli<^raphy  of  chemical  dissertations  compiled  by 
Dr.  Bolton,' and  an  article  on  the  "Cheapest  form  of  light," 
the  latter  being  a  reprint  of  a  paper  by  the  Secretary  and 
Mr.  Very,  originally  published  in  the  American  Journal  of 
Science,  for  which  there  ha.s  been  a  continued  demand. 

There  have  also  l>pen  added  to  the  Miscellaneous  Collections 
two  volumes  containing  the  legislative  history  of  the  Institu- 
tion from  the  announcement  of  the  original  bequest  in  1835 
to  the  year  1899.  It  is  pi-epared  by  W.  J,  Khccs,  of  this 
Institution.  This  work  was  published  also  in  a  Congressional 
edition. 

As  year  by  year  the  publications  of  thf(  Institution  and  of 
its  bureaus  are  increased  in  number  it  is  lielieved  that  its 
influence,  not  only  in  the  "inci'ease"but  in  the  "diffu8ion"of 
knowledge,  is  felt  in  a  gi-eater  degree.  This  is  manifest  by 
the  greater  popular  demand  for  publications,  particularly  the 
Genei-al  Appendix  to  the  Secretary's  Annual  Reports,  in 
which  the  aim  has  been  to  consider  the  diffusion  of  knowledge 
among  the  masses  of  the  people,  and  to  ci-eate  a  desire  for  a 
better  understanding  of  the  important  relations  that  exist 
l)etwecn  scientific  studies  and  the  needs  of  our  daily  life. 

It  will  lie  remembered  that  imder  the  general  printing  law, 
besides  the  limited  document  edition  of  the  Smithsonian  Re- 
port distributed  to  certain  designated  depo.sitorie8,  only  3,000 
copies  are  now  published  by  Congress  for  the  use  of  its  meui- 
bei-s,  and  7,00(1  copies  for  distribution  by  the  Institution,  but 
it  is  earnestly  to  be  hoped  that  a  larger  edition  will  bo  author- 
ized to  correspond  with  the  increased  popular  demand. 

With  regai-d  to  this  lai^r  edition,  it  may  be  said  that  it  was 
a  custom,  introduced  by  the  first  Secretary  of  the  Institution, 
Joseph  Henry,  of  honored  memory,  to  give  a  certain  number 
of  timely  articles  of  an  instructive  Init  wholly  popular  and 
nontechnical  character  in  the  General  Appendix  to  the  Secre- 
tary's Report. 
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The  experiment  was  tried  under  his  imniediute  successor  of 
publishing  in  place  of  these  an  annual  rfoumiS  of  the  science 
of  the  world,  which  undertaking  was  soon  found  to  !«  an 
impractical  charge,  if  done  on  a  desirable  scale,  and  nearly 
useless  with  anything  less;  and  the  present  Secretary,  l»eliev- 
ing,  with  Secretary  Henry,  that  the  Institution'i^  function  for 
the  diffusion  of  knowledge  was  only  less  important  than  that 
for  its  increase,  resumed  and  extended  the  early  plan  of  giving 
short  memoirs  by  writers  of  authority  who  are  able  to  piesent 
new  facts  in  a  nontechnical  manner,-  thus  furnishing  a  sum- 
mary of  the  nioi'e  important  progress  made  in  all  departiucnts 
of  science  during  the  year  elaijsed,  supplemented  by  a  few 
papers  relating  to  more  remote  periods,  as  in  the  case  of 
oriental  research. 

This  summary  has  had  the  Secretary's  incre^ing  attention 
for  the  last  two  or  three  years,  not  only  because  of  its  intrinsic 
importance,  but  since  the  Institution  thus  becomes  more 
widely  known  to  those  whose  help  it  desires. 

The  Secretary  has  givert  an  unusual  amount  of  personal 
care  to  the  General  Appendix  of  the  Itcport  for  litOO,'  which 
contains  i^i  articles  on  various  branches  of  science  as  enu- 
mei-ated  on  another  page,  in  the  report  of  the  editor. 

The  Annual  Report  of  the  Institution  for  189^  has  been  dis- 
tributed and  the  report  for  ISKX)  has  Iwen  put  in  tyjw,  but  the 
latter  volume  was  not  received  from  the  Public  Printer  in 
time  for  its  distribution  to  the  general  public  before  the  close 
of  the  fiscal  year. 

There  was  also  received  fi'om  the  Printer  a  delayed  portion 

'  Ab  the  Kejxjrt  for  1900  niarkH  the  clitue  of  the  fentury,  i-otisiilenibb 
spai^e  is  Kiven  to  reviews  of  the  progre«a  in  varioiiH  hraiichea  of  science 
during  tlie  nineteenth  century,  prei>ared  by  men  diHtinguJHheil  in  their 
various  HeldH.  The  enhjeels  t)iiiB  reviewed  are  aetmnoniy,  uheiniBtry, 
(feoloiiy,  pliy»ie»,  electricity,  giK>gT«I'hy,  bltihiicy,  medicine,  pHyehiiiil 
researcli,  which,  with  an  article  on  the  "  Century's  great  men  of  science," 
famifh  in  brief  a  picture  of  wientific  activity  of  the  last  century. 

China,  which  has  flpired  m>  much  in  the  public  eye  during  the  year 
patit.  ie  given  especial  prominence.  Tliere  is  a  brief  sketch  of  the  I'ebin 
(>l)servatory,  the  Inciting  of  which  create*!  so  much  comment;  anartii.'lehy 
the  Chinese  minister,  Wu  Ting-Fang,  on  mutual  lieljifuliiess  lietweeii  China 
anil  the  Uniteil  States;  Chinese  folklore  and  fHinie  AVestern  analogies, 
and  an  exceptionally  interesting  aaiiunt  of  the  loot  of  Ibe  Iiii[ieHal  Sum- 
mer Palace  at  I'ekin  In  18(M).     This  tatter  is  an  abridged  trauslatiou  from 
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of  the  Museum  Roport  for  1897,  being  a  memorial  volume  of 
Dr.  Q.  Brown  Gh)ode. 

In  addition  to  the  pre<'e(iinff  publications  by  the  Inntitution 
proper  a  considerable  number  of  works,  chiefly  on  biological 
topics,  have  been  added  to  the  Museum  series.  The  Bureau 
of  Ethnology  completed  the  Seventeenth  Report,  which  has 
been  considerably  delayed  in  publication,  and  progrejis  was 
made  on  the  Eighteenth  and  Nineteenth  reporto. 

The  Secretary  during  the  year  transmitted  to  Congress  the 
Annual  Report  of  the  American  Hiatorioal  Association  for  the 
year  190(>,  and  also  the  Third  Report  of  the  National  Society 
of  the  Daughters  of  the  Ameiican  Revolution. 


It  will  be  remembered  that  the  Institution,  besides  itM 
deposit  in  the  Library  of  Congress,  has  retained  in  itM  own 
building  a  limited  number  of  scientific  periodicals,  together 
with  a  small  collection  known  as  the  "Secretary's  librarj'," 
dealing  principally  with  works  of  art  and  pure  litemturo, 
and  a  still  more  limited  one  of  books  furnishing  interesting 
reading  for  the  employees  of  the  Institution,  which  is  desig- 
nated as  the  "Employees'  library." 

The  detailed  report  of  the  librarian  will  be  found  later, 
but  he  states  that  there  have  been  added  during  the  year  over 
30,000  volumes,  pamphlets,  and  chails,  exclusive  of  the' libra- 
ries of  the  National  Museum  and  the  Bureau  of  American 
Ethnologj',  but  including  all  other  branches.  Of  the  fuven- 
sions,  by  far  the  greater  part  were  assigned  to  the  Smithsonian 
deposit  in  the  Librarj'  of  Congress, 

ajounuti  written  by  Count  D'Hisrissim,  wlio  waM  on  the  staff  of  the  French 
general  during  the  Anglo-French  expedition  to  Uhina  in  I860  &n<l  an  eye- 
witneee  of  the  extraordinary  Bcenee  he  de«cribes.  It  appeara  to  have 
entirely  cttcape<l  attention  during  the  tate  crteifl,  although  if  has  an  inter- 
eeting  bearing  on  recent  events  and  illustrates  in  a  i:uriouN  manner  how 
hiirtory  reiieate  itxelf. 

Aeronautics,  which  only  in  the  Iwt  decade  ha»  l)eeii  growing  to  tie  con- 
sidered a  Hcicnce,  has  several  articles  devoted  to  it  by  NL  JaiiBHcn,  I>ird 
Sayleigh,  Secretary  Langley,  and  others. 

Among  the  thirty  or  more  other  articles  there  may  be  mentioned,  ae 
illustrating  the  variety  of  the  subjects  treated,  pB[)ers  on  malaria  and  the 
tranHminiion  of  yellow  fever,  l>y  Surgeon-General  Sternl)erg;  an  eswiy  on 
Huxley,  by  Profexxor  BniokH,  of  Johns  Ilojikiiui,  and  a|HiiH'ronBOpnt<:ti- 
cal  a  subject  as  ini-anilcMvut  mantles. 
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The  Siicretary  ban  latelj'  arranged  with  the  Librarian  of 
Congress  that  the  Smithsonian  net  of  any  periodical  of  art  or 
seience,  or  set  of  tranHac-tion^  of  learned  8ocietie«  in  that 
Library,  «hall  l«  («>nwidpred  and  kept  as  a  primary  «et,  or.  if 
incomplete,  shall,  under  this  title,  l>e  supplemented  by  vol- 
umes of  any  broken  sets  already  in  that  Library's  possession. 
If  there  still  Ik-  duplicates  in  the  Library  <if  0>ngress,  it  is 
understood  that  these  and  not  th«  Smithsonian  (xjpies  shall  Iw 
disposed  of. 

On  the  other  hand,  he  has  also  agreed  that  in  the  division 
of  Government  doi'uments  in  the  Library  of  Ctmgress  the 
Smithsonian  sets,  excepting  those  which  include  special  scien- 
tific publications,  shall  Ih*  transferred  to  the  main  collei-tion 
of  the  Library  of  C<ingress. 

No  action  has  been  taken  with  regard  to  the  targe  number 
of  sets  or  single  volumes  on  general  subject-;  which  do  not 
fall  under  the  alwve  heads,  and  these  are  left  under  the  exist- 
ing arrangements. 

With  regard  to  those  which  already  form  a  portion  of  the 
Smithsonian  deposit,  the  Librarian  of  Congress  has  said,  and 
the  Secretary  has  agreed  to  the  justice  of  his  i-epresentation, 
that  while  it  is  abstractly  desirable  that  the  entire  Smith- 
sonian library  should  be  kept  together,  there  may  Im-  cases 
where  the  genei-al  interest*!  of  the  public  will  lie  served  l>est 
by  taking  a  portion  of  these  and  classifying  them  with  others. 
It  is  understood  in  every  case  that  all  volumes  Ivelonging  to 
the  Smithsonian  deposit  are  distinctly  so  marked,  carrying 
with  them,  therefore,  the  evidence  of  their  ownei-ship. 

This  general  agi'eement,  which  ivquires  much  detailed  work, 
will  finally  result  in  giving  a  more  coherent  character  both  to 
the  Smithsonian  deposit  and  to  the  Library  of  Congress  it-nOf, 
and  is  in  the  mutual  interests  of  Ixith  establishments. 

The  Institution  is  indebted  to  the  courtesy  of  the  Librarinn 
of  Congress  also  for  establishing  an  arrangement  whereliy 
twice  a  day  books  are  brought  to  the  Institution  by  the  Libi-ary 
of  Congress  and  return(!d  thereto.  This  has  rendered  jw.'^si- 
ble  the  sending  up  of  a  nmch  larger  numlrer  of  publications 
than  heretofore,  no  less  than  2<H>  boxes,  each  containing  the 
e<)uivalent  of  40  large  octavo  volumes,  being  sent  up  during 
the  past  year.  The  iwssibilities  in  the  dire<^tion  of  increasing 
the  Smithsonian  deposit  in  the  Libmry  of  Congress  and  of 


^dbyGOQl^lC 


BEPORT  OP  THE  8KCEETART.  23 

filling  up  deficiencies  are  unlimited,  except  by  the  very  small 
force  that  can  be  put  upon  this  work;  and  both  establishments 
would  be  much  benefited  if  a  larger  force  were  available. 

The  Smithsonian  shelving  in  the  Lilirary  of  CongreHs  is  of 
steel,  iron,  and  marble,  comprising  19,362  running  feet  of 
shelves,  while  the  bridges  are  mainly  of  steel  and  essentially 
fireproof. 

INTERNATIONAL  CATALOGUE   OF  BCIENTIPIC  LITERATURE. 

The  Regents,  through  their  first  Secretary,  Joseph  Henry, 
appear  to  have  originated  tliis  undertaking  in  a  communica- 
tion which  he  was  authorized  to  make  to  the  meeting  of  the 
British  Association  for  the  Advancement  of  Science  at  Glas- 
gow in  1S55,  suggesting  the  formation  of  a  catalogue  of 
memoirs.  The  Smithsonian  Institution  had  not  the  means  of 
carryingout  the  plan,  which  was  referred  to  the  Uoyal  Society, 
who  approved  it  and  secured  a  grant  from  the  English  Gov- 
ernment under  which  11  volumes  have  now  appeared.  In  the 
preface  to  the  first  volume  we  read  "  The  present  undertak- 
ing may  be  said  to  have  originated  in  a  communicatioo  from 
Dr.  Joseph  Henry,  Secretary  of  the  Smithsonian  Institution." 

In  March,  189-1,  the  Royal  Society  issued  a  circular  to 
learned  societies  throughout  the  world  proposing  a  great 
international  subject  catalogue.'  In  1895  the  Department  of 
State  received  from  the  British  ambassador  nn  expression  of 
hope  on  the  part  of  the  English  prime  minister,  Lord  Salis- 
bury, that  the  United  States  Government  would  Iw  repre- 
sented at  a  coming  conference  on  this  subject.  The  matter 
was  referred  by  the  Secretary  of  State  to  the  Secietary  of  the 
Smithsonian  Institution,  who  recommended  that  the  Govern- 
ment should  take  such  part  and  suggested  the  names  of  dele- 
gates, a  recommendation  which  was  duly  adopted.  It  is  suf- 
ficient now  to  recall  that  the  seed  which  the  Institution 
planted  has  grown  into  this  great  enterpnse,  in  which  almost 
all  modern  nations,  except  the  United  States,  have  taken  an 
effective  part. 

In  the  report  for  last  year  the  Secretary  stated  to  the  Regents 
the  reason  for  the  absence  of  an  official  delegate  at  the  Third 

'The  Kader  who  may  care  to  look  at  the  hirtory  of  the  subject  is 
referred  toarticlcH  by  the  Librariaii  of  the  Institution,  publiahed  in  "Sci- 
ence" on  August  6,  1S97,  and  on  June  2  and  9,  1S99. 
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CoQferenc«  on  the  International  Catalogue  of  Scientific  Liter- 
ature, held  in  London  June  12  and  13,  1900.  It  was  learned 
afterwards  that  Mr.  Putnam,  the  Librarian  of  CongrcM*,  who 
happened  to  be  pre8ent  in  London,  had  private  couferenceR 
with  some  of  the  representatives,  and  groAtlv  aided  them  in 
reaching  a  conclusion.  It  was  decided  at  that  time  to  proceed 
with  the  catalogue  if  300  subscriptions,  at  $85  per  annum,  for 
a  period  of  live  years,  could  be  obtained,  and  the  quota  for 
the  United  States  was  iixed  at  45  sets.  It  being  necessarv  to 
secure  these  before  the  end  of  September,  1900,  the  Secretary, 
as  an  evidence  of  the  Institution's  good  will,  sent  out  a  cir- 
cular letter  commending  the  project  to  American  institutions 
of  learning.  By  the  end  of  September  the  above  number  had 
been  secured,  thus  assuring  the  publication  of  the  work  in 
England,  and  this  numl>er  has  since  been  increased  to  the 
equivalent  of  over  6t>  sets,  at  $85  apiece,  for  live  years,  rep- 
resenting a.  sum  of  about  $30,000,  the  largest  subscription 
made  to  the  catalogue  by  any  single  country,  a  fact  which 
abundantly  demonstrates  the  interest  felt  in  the  catal<^ue  on 
the  part  of  scientific  men  in  the  United  States. 

It  is  greatly  to  be  regretted  that  no  adeijuate  provision  has 
been  made  for  the  cataloguing  of  the  scientitii^  literature  of 
the  United  States,  which  is  to  form  a  part  of  it.  The  Secre- 
tary has  provisionally  undertaken  to  do  this  work  out  of  the 
private  fund^  of  the  Institution,  in  what  is  feared  will  \te  an 
inadequate  way,  since  only  two  assistants  can  be  allotted  for 
the  purpose,  and  the  Secretary  has  felt  able  to  retain  these 
only  to  June  30, 1902.  It  has  indeed  Iieenquitvclcar  from  the 
outset  that  this  work  could  not  be  made  a  perpetual  charge 
upon  the  small  Smithsonian  fund;  but  with  a  full  rec^nition 
of  the  importance  of  this  project,  the  Secretary  is  still  not 
willing  to  have  tlie  Institution  itself  solicit  aid  from  Congress 
for  it,  while  other  interests  already  committed  to  the  Institu- 
tion are  so  inadequately  provided  foi'  and  demand  its  first  cai-e. 

There  is  yet  liope  that  some  way  may  be  found  by  which  this 
country  may  take  its  pi'oper  share  in  the  coummnity  of  tiationw. 
In  this  great  undertaking,  which  is  now  Ijeing  carried  on  by 
England,  France,  Germany,  Kussia,  Italy,  and  Austiia,  the 
Institution,  which  is  not  soliciting  for  itself  any  Congressional 
aid,  will  he  glad  to  see  Congress  place  the  work  in  any  effect- 
ive hands,  or,  if  the  Institution  itself  he  designated,  it  will 
do  its  part  if  Congress  shall  so  direct  and  provide  the  lueuus. 
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CORRESTONDENCE. 

The  correspondence  of  the  Institution,  next  to  its  publica- 
tions, furnish,  perhaps,  the  most  effectual  means  of  diffusing 
knowledge  i-oncerniiig  matters  of  punsly  sidentific  int^^rest, 
as  well  sui  of  disseminating  information  of  a  popular  nature 
on  subjeetx  coming  within  the  u(.-ope  of  the  ln8titution's  work. 
The  inquiries  which  come  to  the  Institution  from  all  part»  of 
the  world  embra<'e  almost  every  conceivable  topic,  and  the 
major  portion  of  the  correspondence  relateu  not  to  matters  of 
a  routine  nature,  but  to  widely  diversified  subjects  of  scientific 
investigation.  Thus  the  expenditure  of  a  very  considerable 
amount  of  time  and  lal>or  in  necessitated,  as  it  is  endeavored 
in  evei'y  instance  to  respond  as  fully  as  possible  to  the  requests 
for  infoiTnation,  though  where  the  subject  of  inquiry  is 
clearly  without  the  scope  of  the  Institution,  the  communica- 
tions are  referred  to  the  branch  of  the  Government  service 
having  special  <'ognizance  of  the  matter  or  matters  to  which 
they  relate.  Where  the  inquiries  have  paiticular  reference 
to  the  activities  of  the  bui'eaus  administered  under  the  Insti- 
tution, they  are  referred  to  the  bui'eau  concerned  in  each 
case  for  attention  and  answei",  unless  they  invoh'e  mattei"s  of 
policy,  in  which  event  they  are  returned  for  the  Secretary's 
action. 

The  plan  adopted  in  1800  of  registering  such  letters  as  are 
of  sufficient  importiince  to  make  a  record  of  them  desirable, 
has  I>ecn  continued  in  operation  during  the  year  and  has  con- 
stituted an  efficient  check  against  their  loss  or  temporarj' 
misp]a<^'eincnt. 

The  increa.sing  demand  for  publications  of  the  Institution 
has  necessitated  an  increase  in  the  amount  of  correspondence 
relating  to  their  distribution,  though  this  has  Iwen  consider- 
ably reduced  by  the  employment  of  printed  forms.  Aside 
from  the  letters  sent  out  relating  to  the  operations  of  ita  sev- 
eral bureaus,  spe<>ial  correspondence  has  t>een  conducted  on 
aj^rodroniic  matters  and  in  the  administration  of  the  Hodgkins 
fund.  Since  the  Smithsonian  bureaus  were  put  under  the 
civil-service  law  and  rules  in  July,  1896,  there  has  l>cen  a 
steady  inci-ease  in  the  amount  of  correspondence  relating  to 
civil-ser\'ice  matters,  and  this  has  added  jwrceptibly  to  the 
labors  of  the  Institution. 
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expositions. 

The  Institution  and  itM  bureaus  were  represented  in  the 
Government  building  at  the  Pan-American  ExpoAition  by  an 
extensive  exhibit  prepared  under  the  general  direction  of  Dr. 
F.  W.  True,  of  the  National  Muucuni,  who  was  deuignated  by 
the  Secretary  to  represent  the  Institution  on  the  Government 
Board.  Mention  of  this  subject  will  be  found  in  the  reports 
of  the  Museum  and  other  bureaus. 

UlSCE  IX  AX  I'^lUS. 

Gloftgow  ITii/'i'eritUt/. — The  congrutulationsof  the  Institution 
were  extended  to  the  University  of  Glasgow  on  the  occasion 
of  its  ninth  jubilee  celebration  in  June,  1901,  and  upon  its 
invitation  that  a  repreijentativc  of  the  Institution  be  appointed 
to  participate  in  the  ceremonies,  the  Secretary  designat«d  Dr. 
Theodore  N.  Gill  to  serve  in  that  capacity. 

Congrees  of  AnierkanitiiH. — In  June.  1901,  the  Secretary 
designated  Maj.  J.  \^^  Powell,  Mr.  W.  H.  Holmes,  and  Mr. 
F.  W.  Hodge  to  represent  the  Institution  on  the  general 
committee  of  arrangements  for  the  International  CongrCitH 
of  Americanists,  to  be  held  in  New  York  City  in  the  autumn 
of  1902. 

ProfeXHor  ITenry'ti  laJn^riittrry  note". — ^During  the  long  course 
of  scientific  researches  by  Secretary  Joseph  Henry  resulting 
in  his  discovery  of  the  electro-magnet,  which  ia  practically  the 
basis  of  the  telegi-aph  and  of  most  of  the  electrical  devices 
of  the  present  day,  he  kept  minute  notes  of  each  day's  experi- 
ments. While  it  has  not  seemed  nec&^sary  to  publish  these 
notes  in  full,  it  has  appeared  of  interest  that  the  most  impor- 
tantoriginal  memoranda  showing  his  methods  of  work  should 
at  least  be  made  public,  and  aft«r  consultation  with  Secretary 
Henry's  family  a  competent  person  haw  been  placed  in  charge 
of  the  compilation  of  these  notes  in  a  form  that  will  make 
a  good-sized  octavo  volume,  bo  be  illustrated  by  a  consider- 
able number  of  reproductions  of  Professor  Henry's  original 
sketches. 

NiMjmzemmpet'diwi. — The  Institution  has  been  informally 
advised  that,  in  accordance  with  a  bequest  from  Dr.  Alfred 
Nol>el,  the  conditions  of  which  arc  not  dissimilar  to  those 
under  which  the  Hodgkins  fund  of  the  Institution  is  adwinis- 
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tered,  the  Swedish  Uovernment  has  established  a  competition 
designed  to  stimulate  discoveries  in  the  service  of  humanity. 

As  specified  by  the  testator,  the  income  from  Dr.  Nobel's 
fortune  is  to  be  distributed  aimually  in  very  considemble 
rewards,  say  $40,000  each,  to  those  who  during  the  past  year 
have  rendered  the  greatest  service  to  the  world  in  the  domains 
of  physics,  chemistry,  physiology  and  medicine,  literature, 
and  in  the  work  of  fraternizing  nations,  reducingor  suppress- 
ing standing  armies,  and  propagating  pea<,'e  congresses. 

In  view  of  its  entire  appix>val  of  the  testator's  objects,  the 
Institution  makes  this  mention  of  this  subject,  with  which  it 
has  otherwise  no  official  connection.* 

Santa  Fe  Piilaci'. — On  March  20  the  governor  of  New 
Mexico  approved  a  joint  resolution  of  the  Territorial  legis- 
lature ''asking  for  the  establishment  of  a  branch  of  the 
Smithsonian  Institution  in  the  old  palace  at  Santa  Fe,  N. 
Mex."    This  resolution  is  as  follows: 

[House  Joint  nwoluUoD  No.  1.| 

Whereas  the  building  in  the  city  of  Santa  Fe,  known  as 
the  Palat^e,  is  the  oldest  public  building  and  tie  most  historic 

>Al/m)  Nol>el  <1ied  at  San  Remo  December  10,  1896.  liie  will  provkled 
that  the  iiHcrest  on  the  capital  bequeathed  Hhoulil  be  annually  illvide<l  into 
five  ecjual  parts  to  tie  awarded  an  pjitee  to  tboee  persoiut  whu  ithould  have 
contributed  most  inaUirially  to  lienetit  mankind  during  the  year  immedi- 
ately preceding,  as  follows:  Une  part  to  be  given  to  the  pereon  having 
made  the  moxt  important  discovery  or  invention  Id  the  science  of  physics; 
one  lo.  in  chemistry;  one  do.  in  pbysi  ilogy  or  medicine;  one  do.  tor  the 
uioet  distin^uiabed  work  of  an  idealistic  Tendency  in  literature,  and  one  do. 
to  the  person  who  eball  have  most  or  iieat  promoted  the  fraternity  of 
nations  anil  the  aboliehmeut  or  diminution  of  standing  armies  and  the 
formation  and  increase  of  peace  congrettses. 

The  contest  of  the  will  by  the  heire  at  law  ie  now  over,  and  the  statutes 
under  which  the  awarding  of  the  prizes  ih  lo  be  ma<le  are  forinntat«d  and 
the  first  awards  are  to  be  made  in  1902. 

Under  tlie  statutes  "  It  is  eueniiat  that  every  candidate  for  a  prize  under 
the  terms  of  the  will  be  proposed  as  such  in  writing  by  some  duly  qualified 
person.     A  dmet  application  for  a  prize  will  not  be  taken  into  consideration. 

"Tbe  right  to  hand  in  the  name  of  attandidate  for  a  prize  shall  belong  to 

"(1)  Home  and  foreign  memben^  of  the  Koyal  Academy  of  Science  in 
Stockholm. 

"(2)  Members  of  the  Nobel  Committee  of  tbe  Physical  and  Chemical 
Bectiona. 


^dbvGooglc 


28  REPOBT   OF   THE   SECRETARY. 

edifice  in  the  United  States,  ht^ving  been  the  seat  of  govern- 
mental  power  and  the  home  of  the  executive  officials  of  New 
Mexico  through  all  the  changes  in  government  for  three  cen- 
turies; and 

Whereas  New  Mexico  itself  \n  more  prolific  in  archfeological 
treasures  than  any  other  part  of  the  Union,  and  has  already 
contributed  more  largely  than  any  other  State  or  Territory  to 
the  National  Museum,  and  it  is  desirable  that  its  peculiar  his- 
torical objects  should  )>e  preserved  in  one  plat^e,  and  aaiid 
their  natural  environment,  instead  of  being  scattered  all  over 
the  world;  and 

Whereas  the  Territorial  legislatures  of  1882  and  1884 
asked  that  thin  historic  edifice  be  devoted  to  the  preservation 
of  the  antiquities  of  New  Mexico,  and  two  Secretaries  of  the 
Interior  have  officially  recommended  that  its  permanent  use 
be  that  of  a  museum  of  the  antiquarian  collections  of  the 
Southwest;  and 

Whereas,  by  inadvertence  in  the  wording  of  the  act  of 
Congress  which  donated  public  lands  to  the  Territory  for 
educational  and  other  puiposes,  passed  June  SJl,  181*8,  the 
palace  property  was  included  in  the  cession  made  by  the 
United  Staters  to  Mexico,  without  any  wish  for  such  cession  on 
tLie  part  of  our  people;  and 

Whei-eas  the  two  houses  of  the  last  legislature,  each  by  a 

"  (3)  Scicntiste  wlui  havo  re<*iveel  a  Solie!  prize  (rom  the  Ac&ileiny  of 
S<'ience. 

"  (4)  ProfessorB,  whether  in  ordinary  or  ajsociate,  of  the  phymcal  and 
chemical  xcienceti  at  the  iiniven<itieti  of  ITjwala,  Lund,  Chriatiania,  Copen- 
ha^en,  and  Helflin^ffoiv,  at  the  Caroline  Medico-ChiruT^^rsl  Institute  and 
the  Royal  Technical  College  in  Stockholm,  and  also  leafhers  of  the  same 
subjects  who  are  on  the  perinunent  BtaH  of  the  Stockholm  University 
College. 

"  (5)  Tloldere  of  ximilar  chain  at  other  univereitkw  or  university  col- 
leger, to  the  n.iniber  of  at  least  eii,  to  l>e  selected  by  the  Acadeniy  of 
Science  in  the  way  most  appropriate  for  the  juMt  reprenentation  of  the 
various  countrin*  and  tlieir  respective  seats  of  learning. 

"{fl)  Other  BcientistM  whom  the  Academy  of  Science  may  see  fit  to 

At  the  time  of  No>)el'H  ileath  his  estate  was  extimat^d  to  have  a  value  of 
from  30,000,000  to  35,000,000  kroner,  whicli,  if  investe.!  at  3  per  cent, 
would  yield  an  annual  ini-ome  of  from  {240,000  to  $270,000.  l':a(-h  fifth 
would  thuH  amount  to  f4a,000  to  tfj.^OOO.  Since  then  ],.=)00,000  kroner 
have,  by  agreement  with  the  heirs  at  law,  l)een  set  aside  for  the  founda- 
tion of  Nobel  institutes  in  Sweden;  but  at  the  same  time  the  interest  for 
the  intervening  yean  since  Nobere  death  has  been  accruint^,  so  that  the 
exact  value  of  each  annual  prize  is  not  now  known. 

Inquiries  concerning  tlie  Nol)el  (KHii|ietition  should  l)e  addresswl  to  the 
Council  of  the  Noliel  Foundation,  cure  iif  the  Royal  Academy  of  Science, 
Stockholm,  Sweden. 
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unanimoiM  vote,  past^ed  &  joint  resolution  asking  the  United 
States  to  reassuiiie  ownership  of  said  property,  and  that  a 
western  branch  of  the  National  Museum  be  established  at  the 
Palace:  Now,  therefore,  lie  it 

Rewlved  {if  the  cmtncil  concnr).  That  this  legislature  con- 
siders that  the  appropriate  future  of  the  palace  should  be  as 
the  honie  of  the  great  collections  of  archeeological  and  other 
antiquities  of  New  Mexico  and  the  Southwest. 

Resolv&l,  That  we  request  the  authorities  in  charge  of  the 
National  Museum  of  the  Smithsonian  Institution  to  establish 
a  southwestern  museum  of  the  character  hereinbefore  indi- 
cated as  the  palace  property,  with  the  ancient  palace  itself  aa 
the  center. 

Resolved,  That  the  TeiTitorial  lx>ard  of  public  lands  be 
authorized  and  directed  to  convey  said  palace  property  either 
to  the  United  States  or  to  the  Smithsonian  Institution,  upon 
the  condition  that  a  branch  either  of  the  National  Museum  or 
the  museum  of  the  Smithsonian  Institution  be  established  and 
maintained  therein;  that  the  palace  building  be  preserved  in 
good  order  and  without  material  changes  in  its  general  struc- 
ture and  appearance  forever;  that  the  New  Mexico  Historical 
Society  lie  allowed  such  space  in  saidbuildingas  it  may  require 
for  the  proper  exhibition  of  its  collection  of  New  Mexican 
antii^uities  and  other  objects  illustrating  the  history  of  the 
Territory  as  a  part  of  said  general  exhibition;  that  the  exhi- 
bition rooms  in  said  building  be  open  to  the  public  without 
charge  forever;  and  that  no  expense  for  arrangement  or  main- 
tenance of  said  building  and  ib^  contents  be  a  charge  on  New 
Mexico  or  any  civil  division  thereof. 

Inasmuch  as  the  offer  on  the  part  of  the  Territory  of  New 
Mexico,  if  accepted  by  the  Smithsonian  Institution,  would 
involve  the  transfer  of  valuable  real  estate  in  the  city  of  Santa 
Fe,  the  Secretary  has  held  the  question  of  acceptance  for  such 
action  as  the  Board  of  Regents  may  deem  desirable. 

NATIONAL  MUSEUM. 

The  National  Museum  is  visited  annually  by  aliout  a  quart<M' 
of  a  million  persons,  and  each  one  seems  to  desire  to  examine 
as  many  as  possible  of  its  treasures,  now  numbering  nearly 
5,000,(H)0  object**  pertaining  to  the  anthropological,  biological, 
and  geolf^'cal  sciences. 

Through  its  publications  and  it.-(  <'orrespondenco  the  Museum 
reaches  everywhere,  giving  to  the  world  information  of  a 
technical  or  of  a  popular  character  concerning  the  American 
and  alien  races  of  men  and  their  habits,  the  life  history  of 
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nnimalH  and  plants,  and  the  structure  and  com{x>ijition  of  the 
earth. 

The  Secretary,  in  hia  report  for  1888,  called  attention  to 
the  inadequacy  of  the  Museum  building,  which  even  then, 
within  aeven  yearu  after  its  completion,  was  found  to  he 
wholly  insufficient  for  the  collections.  The  subsequent  btN- 
tory  of  the  Museum  has  been  a  continuous  recital  to  Congress 
by  the  Begentu  of  its  increasing  inadequacy. 

The  Secretary  feels  it  his  urgent  duty  to  call  attention  t*) 
the  absolute  need  of  an  additional,  more  modern,  building  foi' 
the  National  Museum,  wherein  may  be  properly  exhibited 
objects  now  packed  in  the  present  structure,  and  where  may 
be  set  up  before  the  public,  whose  property  they  are,  very 
many  objects  of  scientific,  historical,  and  popular  interest  now 
in  storage  quarters.  Too  much  can  not  be  said  in  urging  this 
all-important  matter,  and  it  is  hoped  that  detinite  action  may 
finally  be  taken  by  Congress. 


The  Secretary  repeats  here,  what  he  already  said  in  1888, 
that  not  only  is  large  additional  space  required  to  relieve  the 
congested  condition  of  the  present  building,  hut  that  the 
appropriations  have  become  utterly  insufficient,  even  for  the 
proper  care  of  the  collections.  It  is  hoped  that  Congress  may 
see  fit  to  remedy  these  conditions  and  to  give  larger  appropria- 
tions this  year. 

The  Secretary  repeats  also  that  it  is  not  alone  the  lack  of 
space  that  is  keenly  felt,  but  the  absolute  inadequacy  of  the 
appropriations  in  maintaining  a  corps  of  efficient  assistants 
to  care  for  the  collections.  The  accompanying  table  will  per- 
haps tell  the  story  better  than  any  amount  of  description. 

If  we  take  the  five  years  extending  from  1881  to  1886  as  a 
basis  for  comparison,  the  appropriations  were  at  the  rate  of 
$1,000  for  the  care  of  at>out  6,000  specimens.  This  was  rep- 
resented at  the  time  as  insufficient,  and  divers  expedients 
were  resorted  to,  such  as  the  creation  of  honorary  and  unpaid 
curators  to  perform  the  work.  At  present  11,000  arc  pro- 
vided for  the  care  of  about  21,000  specimens,  and  proper  care 
at  anything  like  this  rate  is  simply  impossible.  The  nunil)er 
of  spet'imens  has  increa.sed  nearly  five  times,  while  the  amount 
of  money  appropriated  for  their  care  has  not  doubled, 
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When  Congres!*  comes  to  appropriate  for  the  increase  of 
space  to  over  twenty  times  what  it  is  at  present  {which  amount 
will  be  necesaary  to  provide  for  our  present  twlleetiona  on  a 
scale  of  tipace  only  commensurate  with  that  now  allotted,  for 
example,  by  the  American  Museum  of  Natural  History),  it 
will  be  found  that  the  Museum's  most  valued  property  does 
not  lie  only  in  the  granite  walls  of  its  new  building,  if  it  have 
one,  nor  in  the  cases,  nor  in  the  specimens,  however  import- 
ant these  may  be,  but  in  its  possession  of  a  corps  of  long- 
trained  and  long- experienced  workers. 

This  band  of  collaborators  has  continued  its  labors  in  most 
eases  while  their  duties  have  heen  growing  more  onerous  and 
their  pay  has  remained  practically  stationary,  because  its 
members  are  as  a  rule  working  for  the  love  of  their  work 
rather  than  for  pay;  but  unless  more  adequate  provision  is 
made  now,  the  Museum,  when  Congress  has  granted  new 
quarters  for  it,  will  not  be  able  to  take  into  them  those  who 
in  the  past  have  made  it  what  it  is,  these  men,  its  best  posses- 
sion, who  are  now  going  and  who  will  have  gone. 

It  is  always  to  be  rem.embered  that  the  collections  and 
specimens  referred  to  have  not  been  purchased  on  any 
digested  plan,  and  though  in  themselves  often  very  valuable, 
are  mainly  derived  from  Government  expeditions  often  organ- 
ized for  purposes  other  than  collecting,  from  gifts,  and  from 
other  sources,  and  that  their  usefulness  is  always  impaired 
unless  the  gaps  between  them  are  filled.  A  small  appropria- 
tion was  provided  for  this  purpose — that  is,  chiefly  the  filling 
of  gaps  in  the  collections,  in  1898— but  the  amount  available  is 
80  limited  and  the  deliciencics  in  the  collection  so  great  that 
it  will  be  impiwlicable  to  add  any  new  series  of  objects  at 
present.  It  is  hoped  that  Congress  mav  hereafter  grant 
larger  sums  for  this  purpose  and  for  such  unique  character- 
istic American  objet^ts  as  are  mpidly  disappearing. 

The  Secretary  does  not  wish  to  say  that  the  National  Mu- 
seum, under  this  absolute  denial  by  Congress  of  its  indispen- 
sable means  of  existence,  has  fallen  to  a  second  place  among 
Amencan  museums,  but  he  would  ask  a  comparison  between 
it  and  others  which  wei-e  once  its  inferiors. 

Taking  a  single  instance,  that  of  the  American  Museum  of 
Natural  History — the  museum  of  the  State  of  New  York — 
some  statistics  have  been  secured  with  regard  to  its  size  and 
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ctrnt  of  administration  and  contm^tod  with  siiniUr  data  bearing 
upon  this  Muneuni — the  muoeuin  of  the  whole  L'nitcd  Istatot: 

SUiliMir*  nj  thr  Vnitfd  Slain  Sntional  .ifiitrum  nHiiimml  icilh  Ote  Atnerican 
M'iKiiin  of  S'ltur'il  IHelirry, 


SalionaE  MiiM'um.   HunKil  Satutml 

<'iii,lrlH-lln)>ullilln)[ S.flOO.OOO  SHIXW.OOO 

NuDlMrr  of  iiprrliEcni 4.»1,6K  i.aw.OOO 

imrr  priiviik^  [cjriwch  specimen Ti  "'  ■  i-ubti-  (<»1.        Ifil  cubic  (eel. 

iiu-oDK.isDi rati. MO  tao.wo 

•»l«rt«|iiiWUM-ur»'tor. 'li.l-a.K  M.WO 

iVMofbalMinpiUiiIalc 1381.  WO  U.«Ba,tm 

EipeuHfuTatipurpcHK.iwi >CJ46,K>4.6;  tao.oao 

■TiiUl  {Kiel  lOL'iitln'  nii'iitifli'  olnn.^'il.c^a.lli. 

>  Balsntv  ol  BrpnipliaUon  hcli  U>  nin'I  iiiiLituiilInx  llulilliUcH, 

It  bar*  been  poru^ible  during  the  year  to  arAinge  for  a  new 
Wture  hall  in  the  Miinouiii,  a  feature  which  for  several  vear» 
si-eniixl  to  Ik,*  of  public  inipurtunee  but  which  was  of  necessitv 
temporarily  abandoned.  The  pn-sent  hall  is  well  e<|ui]iped 
for  its  a-ie,  being  provided  with  a  eonvenient  platform,  a 
lantern  stand,  screen,  chairs,  and  adjustable  window  sereonn. 

Prijgress  has  Iwen  made  in  the  installation  of  electric  are 
Unip^  throughout  the  Museum  halls,  and  it  is  expected  dur- 
ing the  coming  year  to  complete  the  work  so  that  the  building 
may  l>e  opened  at  night  when  occasion  or  onler  of  Congress 
should  re^iuire  it. 

Much-needed  iinprovemcnt«  are  l>eing  made  in  the  heating 
system  by  the  installation  of  new  Iwiilers  in  the  Museum  and 
the  connection  by  a  tunnel  with  the  Smithsonian  building, 
rendering  it  jH)SHible  to  considerably  economize  the  service 
by  heating  fx)th  buildings  fi-om  one  center  instead  of  by  two 
plantif  as  heretofore. 

Among  other  iinprovenientw  of  the  year  it  may  l>e  men- 
tioned that  the  last  of  the  old  temiwi'ary  wooden  flooring  of 
the  Mus<;um  halls  has  lieen  entirely  replaced  by  {KTmanent 
t^^rrazzo  ]Hivemi!nt. 

The  report  of  the  AssiFttant  Secretary  eiuiinerHtes  some- 
what in  detail  the  accessions  to  thtt  sevei-al  dei>artment.s  of  the 
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Museum  during  the  year,  aggregating  alK>ut  180,000  speci- 
mens, among  which  may  be  here  mentioned  ethDological  mate- 
lial  collected  by  officers  of  the  Army  and  Navy  in  southern 
California,  British  Columbia,  and  Alaska,  some  facsimiles  of 
ancient  codices  presented  by  the  Due  de  Loubat,  and  aborig- 
inal objects  of  much  interest  from  Brazil  and  other  parts  of 
South  America.  Special  attention  \s  also  called  to  the  valua- 
ble collection  transmitted  from  the  Far  Ea^t  by  Dr.  W.  L. 
Abbott,  who  has  already  contributed  so  largely  to  the  Museum 
as  the  result  of  his  extensive  explorations. 

Among  other  newly  acquired  collections  of  interest  are 
objecta  of  flint,  illustrating  the  stone-shaping  art  of  the  primi- 
tive B^yptians,  presented  by  Mr.  Seton-Karr,  of  liondon, 
and  a  very  full  series  of  stone  implements  and  other  relics, 
principally  from  Maryland,  presented  by  Mr,  J.  D.  McGuire. 

The  biological  department  has  been  enriched  by  collections 
of  special  interest  gathered  by  collaborators  of  the  Museum 
in  various  parts  of  the  world,  including  marine  zool<^ical 
specimens  gathered  in  connection  with  the  expeditions  of  the 
Fish  Commission  steamers  Afhatrom  and  Fi«h  Hawk  in  the 
Pacific  Ocean  and  the  region  of  Porto  Rico.  It  has  been  pos- 
sible to  secure  by  purchase  upwards  of  a  thousand  specimens 
of  North  and  Central  American  birds,  and  by  donation  there 
has  been  received  a  large  number  of  the  e^s  and  nests  of 
Philippine  birds. 

Among  the  geological  additions  of  the  year  are  several 
thousand  fossils  from  various  regions,  one  of  the  most  inter- 
esting being  a  fairly  complete  skeleton  of  an  adult  female 
mastodon  from  Michigan. 

During  the  past  twenty  years  it  has  been  possible  for  the 
Museum  to  distribute  duplicate  specimens  to  a  considerable 
number  of  institutions  of  learning  in  this  country,  and  very 
much  more  could  be  accomplished  in  this  way  were  funds 
available  for  the  preparation  of  additional  collections  of  this 
kind.  Wherever  these  series  have  been  sent,  they  are  highly 
appreciated,  and  the  demands  from  other  institutions  for  simi- 
lar contributions  are  constantly  increasing. 

It  is  all  important  that  every  object  exhibited  in  the  Museum 
be  suitably  and  permanently  labeled,  and  while  it  is  gratify- 
8H  1901 3 
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ing  that  much  progress  hiw  Ikth  made  in  this  work  in  recent 
years,  many  specimens  still  remain  with  only  t<?mporary  labeU. 
During  the  past  year  hut  little  could  ho  accomplished  in  this 
direction,  owing  to  the  large  demand  upon  the  time  of  Museum 
officials  in  connection  with  the  pi-eparation  of  exhibits  for  the 
Pan-Ameriean  Ex|H>sition,  and  also  the  present  inadequate 
facilities  for  label  printing.  Attention  in  this  connection  is 
eallcd  to  par^mphs  below  on  the  pos.sible  treatment  of  labels 
so  as  to  render  them  not  only  valuable  tor  iwientific  classifi- 
cation, hut  also  instructive  and  interesting  to  the  public. 

The  Secretary  has  endeavored  each  year  to  make  some 
advance  in  the  dirwtion  of  the  Institutions  primary  purpose 
of  the  increase  of  original  knowledge  through  olwervation  and 
research  by  the  eminent  men  who  aiv  m-ting  as  its  immediate 
curators.  What  has  Iwcn  done  in  this  way  will  be  found  indi- 
cated in  the  Museum  reiKirts. 

He  is  at  this  moment  siK-aking,  however,  of  only  a  sub- 
ordinate, though  not  unimportant,  portion  of  the  Musi'uin's 
work,  that  of  instrnction  and  entertainment,  and  toward  this 
end  he  has  with  personal  attention  brought togetherinoneof 
the  halls  of  the  Kniithsoniun  building  a  small  collection  which 
has  been  called  -'The  Children's  Room"  {though  it  appears  to 
interest  adults  at  least  as  much  as  children),  comprising 
objects  of  interest  mther  than  of  practical  instruction.  The 
room  itself  has  been  made  attractive  by  a  careful  choice  of 
color  and  design  in  the  decoi-ation  of  the  walls  and  ceilings, 
emlxxlyiiig  illustifitions  of  the  life  of  animals  and  plants. 

The  objects  displayed  in  the  i'oi>m  include  cagt's  of  living 
bii-ds,  aqiiaria  with  tiiihcs,  and  eases  tilled  with  those  things 
which  interest  children  e^'cn  of  a  larger  growth. 

As  the  Secretary  stated  in  his  last  report,  the  classitit^ation 
"  is  not  that  of  sirience,  but  that  which  is  most  intelligible  to 
the  untrained  mind,'"  and  is  intended  for  the  purpose  of 
exciting  the  intcre--*t  and  wonder  of  the  youthful  visitor,  in  the 
ultimate  hojjc  that  this  will  stimulate  a  desire  for  knowledge 
in  natural  history. 

The  Secretary  takes  this  occasion  to  express  the  hojw  that 
this  small  spetual  collection  may  have  a  possible  use  beyond 
its  immediately  declared  purpose.     It  is  only  within  the  lust 
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few  years  that  scieiitifio  men  have  be^un  to  collect  and  publiuh 
ID  methodical  form  the  life  histories  of  birds  and  other  ani- 
mals, and  it  is  believed  that  thoy  are  beginning  to  take  an 
increased  interest  in  reducing  the  results  of  their  researches 
to  popular  form  for  the  entertainment  and  instruction  of  the 
lai^er  public,  on  whose  support  with  Congress,  the  pecuniary 
means  for  higher  learning  itself  must  also  depend. 

With  regard  to  this,  the  Secretary  will  quote  from  a  previ- 
ous report  to  the  effect  that  "if  thcfirnt  purpose  of  aoiuseuui 
be  for  the  increase  of  original  knowledge  by  investigation 
and  research,  its  second  purpose  is  to  entertain  as  well  as  to 
instruct." 

The  Secretary  has  elsewhere  quoted  the  cletinition  of  an 
educational  museum  as  "a  collection  of  instructive  labels, 
each  illustrated  by  a  well-selected  spccuiien,"  It  is  believed 
that  the  National  Museum  of  the  Smithsonian  Institution  has 
led  in  the  practice  of  making  its  labels  generally  instructive; 
and  yet  it  may  be  properly  asked  whether  the  labels  in  the 
collections  even  in  our  own  Museum,  or  in  almost  any  other, 
are  a  collection  of  instructive  labels  for  the  general  public. 

The  Secretary  expresses  the  wish  that  still  further  progress 
in  this  direction  of  instructing  and  interesting  the  public  may 
be  made,  and  he  suggests,  as  one  legitimate  means  of  doing  it, 
not  any  change  in  the  present  lal>els  or  in  the  Latin  names  of 
the  specimens,  which  should  always  remain,  but  an  addition  to 
each,  or  at  least  to  the  labels  of  the  more  popularly  interest- 
ing specimens,  giving  briefly  in  English  some  characteristic, 
and  if  possible  some  intereatintj  characteristic,  of  the  specimen 
in  question. 

Again  repeating  that  the  lii-st  purpose  of  the  Museum  is  to 
aid  investigation  and  rt-iean-h,  and  that  this  will  always  have 
his  first  attention,  he  recalls  that  there  is  a  subordinate  but 
most  valuable  purpose,  and  he  wishes  to  say  now  what  has 
been  increasingly  in  his  mind  for  years,  that  he  would  feel  he 
bad  been  promoting  a  most  useful  work  if  he  could  be  the 
means  of  inducing  all  museums  to  systematically  add  to  exist- 
ing labels  (on  at  least  all  the  most  interesting  or  characteristic 
specimens)  something  which  would  bring  their  subject  within 
the  reach  of  the  unlearned  public. 
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To  illustrate  the  very  -iliglit  modititwtion  necoHsary  to  carry 
the  suggestion  into  effoct.  there  is  given  lielow  an  example  of 
the  usual  label  and  of  the  modiiied  form  whi<^!b,  adding  a 
single  sentence,  furnisher  additional  information  of  a  popular 
character. 


OBBffTBD    FLT-OATOHER. 

Gtetl  Velkm^MlIM  Flyciwher. 

Mylarobus  crinltua  (Linn.) 

»M.  M.  Am.  S..  //,  p.  i3t.  pi  illll,  lie.  J. 
EkMcra  Unlud  Stitn  ind  Brttiih  PniTincci 


45* 

CRESTED   FLY-CATCHER. 

Citit  Yellov.bellKd  Flyauher. 

HyJarcbus  crinitus  (Linn.) 

Hill.  N.  Am.  B.,  II,  p.  3M,  pi.  lUII,  fig.  ). 

Eautni  United  Stam  and  Briilih  PnvlDca, 
bui  rare  oottheulward  beroiHl  the  Conneciieul 
Vallej't  weit  lo  edge  of  :he  Great  Flain;  is 
'winter,  Ceniral  Ajuenca  to  yicarasua. 

This  bin]  orumua  In  DUi  vliE  tha  cul4ff 
ikin  of  a  imke.  the  purpoae  belog  ■ppaRuljr  to 
brighten  off  [ntrud«n. 


BUREAU  OF  AMERICAN  ETHNOLOGY. 

Researches  among  the  native  American  tribes  have  been 
continued  in  the  Bureau  under  the  immediate  supervision  of 
Maj.  J.  W.  Powell,  its  Director,  The  operations  of  the  year 
were  conducted  in  accordance  with  the  act  of  Congress  ap- 
proved June  6,  1900,  and  with  the  formal  plan  adopted  by 
the  Secretary  June  19.  liH)0, 

As  heretofore,  the  work  ha«  been  carried  forward  in  such 
manner  as  to  aid  in  advancing  the  science  of  ethnology,  and 
the  Director  has  given  much  attciiti(»ii  to  the  development  of  a 
classification  of  the  native  tribes  on  the  basis  of  their  normal 
activitieij.    It  is  thought  that,  in  addition  to  it^  immediate 
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utility,  tbia  work  will  constitute  an  important  contribution  to 
the  sciences  dealing  with  mankind. 

Field  work  was  prosecuted  in  Alaska,  Arizona,  California, 
Maine,  New  Mexico,  New  York,  North  Carolina,  Virginia, 
and  Wisconsin,  as  well  as  in  British  Columbia  and  Ontario, 
Canada,  and  in  Lower  California  and  Sonora,  Mexico.  Addi- 
tional data  were  received  from  correspondents  and  colhibora- 
tors  in  other  sections. 

One  of  the  noteworthy  expeditions  of  the  year  traversed 
ihe  arid  regions  of  Arizona,  Sonora,  and  Lower  California 
along  new  routes,  and  resulted  in  discovering  the  recent 
extinction  of  the  Tepoka  Indians,  in  defining  the  western 
boundary  of  the  territory  occupied  by  the  Papagos,  also  in 
the  first  scientific  study  of  the  Coeopas  living  in  the  Lower 
Colorado  River  region.  Among  these  Indians  a  collection 
-wan  made  for  the  National  Museum,  portions  of  which  were 
subsequently  used  in  the  exhibit  at  the  Pan-American  Expo- 
sition in  Buffalo.  The  Coeopas  were  found  to  present  vari- 
ous features  of  interest  both  to  scientific  studenta  and  to 
statesmen.  The  work  of  the  expedition  was  facilitated  by 
several  officers  of  the  Republic  of  Mexico,  including  His 
Excellency  Seiior  Don  Manuel  de  Aspiroz,  the  ambassador 
from  Mexico  to  the  United  States,  whose  courtesy  it  is  a 
pleasure  to  acknowledge.  An  extensive  archieologic  recon- 
naissance wa^  made  also  through  central  and  southeastern 
Arizona,  where  variou.'^  ruins  of  ancient  habitations  were 
examined.  Linguistic  records  of  great  value  were  obtained 
by  a  collaborator  among  the  Haida  Indians  in  British 
Columbia. 

Valuable  collections  were  made  or  acquired  during  the 
year — a  typical  series  of  stone  implements  from  Georgia,  a 
collection  of  artifa^'ta  in  stone  and  clay  from  southern  Cal- 
ifornia, the  Cocopa  collection  already  mentione<l,  and  a  series 
of  obsidian  blades  from  California  being  mast  notable. 

As  during  previous  years,  numerous  photographs  of  abo- 
rigines were  taken  both  in  the  field  and  from  Indian  delega- 
tions visiting  Washington,  and  toward  the  close  of  the  j'ear 
a  number  of  kinetoscope  view.H,  or  motion  pictures,  were 
obtained  for  purposes  of  study  and  record. 

The  work  in  the  office  covered  a  wide  range  of  topics  per- 
taining to  the  characteristics  and  products  of  the  aborigines. 
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Among  the  reports  prepared  for  publination,  one  embody- 
ing a  fieries  of  symbolic  paintings  of  ritualistic  cbaracter. 
wbicli  may  be  termed  a  Codex  Hopiensis  from  tbe  tribe  in 
wtiicb  it  was  found,  is  of  peculiar  interest.  Anotber  report 
of  special  note  relates  to  wild  rice  as  an  aboriginal  food 
source,  and  touches  on  the  utilization  of  this  plant  by  white 
settlen«.  Tbe  publication  of  the  Report  was  continued  with 
some  delay  due  to  the  time  required  for  reproducing  the  illus- 
trations accompanying  the  papers.  Tbe  Seventeenth  Report 
and  the  first  volume  of  the  Eighteenth  were  distributed  dur-  , 
ing  the  year,  while  the  second  part  of  the  Eighteenth  wa-s 
finished  to  the  point  of  binding;  at  the  same  time  the  Nine- 
teenth Report  was  edited  and  proof-read. 

The  work  of  the  Bureau  during  the  year  if»  de«cril>ed  at 
some  length  in  the  Report  of  the  Director. 

NATIONAL  ZOOLOGICAL  PARK. 

The  Secretary  recalls  to  the  Regents  that  the  primary  pur- 
pose for  which  they  sanctioned  the  establishment  of  the  Na- 
tional Zoological  Park  waM  embodied  in  its  name.  It  was  to  be 
a  '*  National  "one;  and  it  was  not  for  the  City  of  Wa^ihington 
only,  but  to  be  a  means  of  preserving  the  great  animals  of  the 
country,  and  particularly  of  the  North  and  West,  which  were 
in  danger  of  extinction;  and  it  was  to  exist  quite  a«  much  for 
Idaho  or  Oregon  as  for  the  District  of  Columbia. 

It  is  earnestly  to  be  hoped  that  Congress  will  carry  out  the 
plan  originally  ui^ed  upon  it,  of  treating  this  park  oa  it  treats 
the  National  Museum,  that  i.s,  as  something  not  existing  for 
the  benefit  of  the  District  chiefly,  nor  properly  to  be  main- 
tained by  the  taxation  of  its  inhaltitants.  In  any  case  it  is  to 
be  known  that  while  the  National  Park  has  been  of  a  great 
deal  of  incidental  use  to  Washington  as  an  admirable  pWe  foi 
health,  recreation  and  entertainment,  accessible  to  those  who 
can  only  go  on  foot,  and  ofl'ering  such  charm  of  scenery  as  no 
other  public  park  under  such  conditions  possesses,  yet  that 
one  of  the  principal  purposes  for  which  it  was  founded — the 
preservation  from  extinction  of  the  national  animal  races — has 
not  been  considered  by  Congress.  About  this  the  Secretary 
can  express  himself  no  better  now  than  he  did  in  his  report  for 
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1890,  in  which,  referring  to  the  history  of  similar  attempts, 
he  said: 

"  In  the  early  part  of  this  century  a  naturalist  traveling  in 
Siberia  stood  by  the  mutihited  body  of  ii  mammoth  still  unde- 
cayed,  which  the  melting  of  the  frozen  gravel  had  revealed, 
and  to  the  skeleton  of  which  large  potiiona  of  fle^h,  skin,  and 
hair  still  clun?.  The  remains  were  excavated  and  transported 
many  hundredrailes  across  the  frozen  waste,  and  at  last  reached 
the  Imperial  Museum  at  St.  Petersliurg,  where,  through  all 
thetie  yeai'H,  the  mounted  skeleton  has  justly  been  regarded  as 
the  great«st  treasure  of  that  magnificent  collection. 

"Scientitic  memolri^,  popular  books,  theological  works, 
poems — in  short,  a  whole  literature — has  come  into  existence 
with  thia  discovery  an  its  text.  No  other  event  in  all  the  his- 
tory of  such  subjects  has  excited  a  greater  or  more  permanent 
interest  outside  of  purely  scientific  circles;  for  the  resurrec- 
tion of  this  relic  of  a  geologic  time  in  a  condition  analogous 
to  that  in  which  tlie  bodies  of  contempoi-aneous  animals  are 
daily  seen  brings  home  to  the  mind  of  the  least  curious  observer 
the  reality  of  a  long  extinct  race  with  a  vividness  which  no 
fatsils  or  petrifactions  of  the  ordinary  sort  can  possiblv  equal. 

"  Now,  I  am  assured  by  most  competent  naturalists  that  few, 
if  any,  of  those  not  particularly  devoted  to  the  study  of  Ameri- 
(^an  animals  realize  that  changes  have  already  occurred  or  arc 
on  the  point  of  taking  plac«  in  our  own  characteristic  fauna 
compared  with  which  the  disappearance  from  it  of  the  mam- 
moth was  insignificant.  That  animal  was  common  to  all 
northern  lands  in  itrt  day.  The  pi-actical  domestication  of 
the  elephant  gives  to  everyone  the  opportunity  of  observing 
a  gigantic  creature  clo.sely  allied  to  the  mammoth,  and  from 
whi(-n  he  may  gain  an  approximately  correct  idea  of  it.  But 
no  such  example  is  at  hand  in  the  case  of  the  bison,  the 
prong-horn  antelope,  the  elk,  the  Rocky  Mountain  goat,  and 
many  more  of  our  vanishing  races. 

"The  student  of  even  the  most  modern  text- books  loams  that 
the  characteristic  larger  animals  of  the  United  States  are  those 
just  mentioned,  with  the  moose,  the  grizzly  bear,  the  beaver, 
and  if  we  include  marine  forms  and  arctic  American  animals 
we  may  add  the  noithern  fur  seal,  the  Pacitic  walrus,  the 
Californian  sea  elephant,  the  manatee,  and  still  others. 

*'  With  one  or  two  exceptions  out  of  thi.'^  long  list,  men  now 
living  can  remember  when  each  of  these  aniiuals  was  reason- 
ably abundant  within  itfl  natural  territory.  It  is  within  the 
bounds  of  moderation  to  aflimi  that  unless  Congress  places 
some  check  on  the  pii'sent  rate  of  destruction  there  are  men 
now  living  who  will  see  the  time  when  the  animals  enumerated 
will  be  practically  extinct,  or  exterminated  within  the  limits 
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of  the  United  States.  Already  the  census  of  some  of  them 
can  be  expressed  in  three  figures. 

"The  fate  of  the  bison,  or  American  buffalo,  is  typical  of 
them  all.  '  Whether  we  consider  this  noble  animal,'  says 
Audubon,  'as  an  object  of  the  chase  or  as  an  article  of  food 
for  man,  it  is  decidedly  the  most  important  of  all  our  Ameri- 
can contemporary  quadrupeds.' 

"At  the  middle  of  the  last  century  this  animal  pastured  in 
Pennsylvania  and  Virginia,  and  even  at  the  close  of  the  cen- 
tury ranged  over  the  whole  Mississippi  Valley  and  farther 
west  wherever  pasturage  was  to  be  foimd.  At  the  present 
time  a  few  hundred  survivors  represent  the  millions  of  the 
last  century,  and  we  should  not  have  even  these  few  hundred 
within  our  territory  had  it  not  been  for  the  wise  action  of 
Congress  in  providing  for  them  a  safe  home  in  the  Yellow- 
stone Farh. 

"  Now,  for  several  reasons  it  has  been  comparatively  easy  to 
trace  the  decline  of  the  buffalo  population.  The  size  of  the 
animal,  it*)  preference  for  open  country,  the  sportsman's  in- 
terest in  it,  and  its  relations  to  the  food  supply  of  the  West- 
ern Indians,  all  led  to  the  observation  and  record  of  changes; 
and  accordingly  1  have  made  special  mention  of  this  animal 
in  representing  the  advant^es  of  a  national  zoological  park 
where  it  might  be  preserved;  but  this  is  by  no  means  the 
only  characteristic  creature  now  threatened  with  speedy 
extinction. 

"The  moose  is  known  to  be  at  the  present  time  a  rare  animal 
in  the  United  States,  but  is  in  less  immediate  danger  than  some 
others.  The  elk  is  vigorously  hunted  and  is  no  longer  easily 
obtained,  even  in  its  most  favored  haunts.  The  grizzly  bear 
is  believed  to  he  rapidly  approaching  extinction  outside  of 
the  Yellowstone  Part,  where,  owing  to  the  assiduous  care  of 
those  in  chaise,  troth  it  and  the  elk  are  still  preserved.  The 
mountain  sheep  and  goat,  which  inhabit  less  accessible  re- 
gions, are  becoming  more  and  more  rare,  while  the  Iieaver 
has  retreated  from  a  vast  former  area  to  such  secluded  haunts 
that  it  may  possibly  survive  longer  than  the  other  species 
which  I  have  just  enumerated,  and  which  are  but  a  portion  of 
those  in  imminent  danger  of  extinction. 

"Among  the  marine  forms  the  manatee  still  exists,  but, 
although  not  exterminated,  it  is  in  immediate  danger  of  be- 
coming so,  like  the  Californian  sea  elephant,  a  gigantic  crea- 
ture, often  of  greater  bulk  than  the  elephant,  which  has 
suffered  the  fate  of  complete  extinction  within  a  few  past 
years;  at  least  it  is  uncertain  whether  a  single  individual 
actually  survives.  The  Pacitic  walrus,  upon  which  a  large 
native  population  has  always  in  gi-eat  part  depended  for  food 
and  hides,  is  mpidly  following  the  sea  elepnant,  and  so  on 
with  other  species. 
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^'This  appalling  destruction  is  not  confined  to  mammals. 
Disregarding  the  birds  of  song  and  pluiii^e,  to  which  the 
fashions  of  the  milliner  have  brought  disaster,  nearly  all  the 
lat^r  and  more  characteristic  American  birds  have  suffered 
in  the  same  way  as  their  four-footed  contemporaries.  The 
fate  of  the  great  Auk  is  familiar  to  all  naturalists;  but  it  is 
not  so  well  known  that  the  great  Californian  vulture  and  sev- 
eral of  the  beautiful  sea  fowl  of  our  coasts  have  met  the  same 
fate,  and  that  the  wild  pigeon,  whose  astonishing  flocks  were 
dwelt  upon  by  Audubon  and  others  in  such  remarkable 
descriptions  and  which  were  long  the  wonder  of  American 
travelers,  with  the  less  known,  but  magniiicent  ivory- 
billed  woodpecker,  and  the  pretty  Carolina  parrakcet,  have 
all  become,  if  not  extinct,  among  the  rarest  of  birds. 

"Apart  from  the  commercial  value  of  its  skins,  the  tax  upon 
which  has  paid  for  the  cost  of  our  vast  Alaskan  territory,  the 
singular  habits  and  teeming  millions  of  the  northern  fur  Bcal 
have  excited  general  interest  even  among  those  who  are  not 
interested  in  natural  history.  In  1849  these  animals  abounded 
from  Lower  California  to  the  lonely  Alaskan  Isles,  and  it  had 
been  supposed  that  the  precautions  taken  by  the  Gxivcrnment 
for  their  protection  on  the  breeding  grounds  of  thePi-ibilof 
Islands  would  preserve  permanently  the  still  considerable  rem- 
nant which  existed  after  the  purchaseof  Alaskaand  the  destruc- 
tion of  the  southern  rookeries.  But  it  is  becoming  too  evident 
that  the  greed  of  the  hunters  and  the  devastation  caused  by 
the  general  adoption  of  the  method  of  pursuing  them  in  the 
open  sea,  destroying  indiscriminately  mothers  and  offspring, 
is  going  to  bring  these  hopes  t«  naught. 

"  For  most  of  these  anioials,  therefore,  it  may  be  regarded  as 
certain  that,  unless  some  small  remnant  be  preserved  m  a  semi- 
domesticated  state,  a  few  years  will  bring  utter  extinction. 
The  American  of  the  next  generation,  when  questioned  about 
the  animals  once  characteristic  of  his  country,  will  then  be 
forced  to  confess  that  with  the  exception  of  a  few  insignificant 
creatures,  ranking  as  vermin,  this  broad  continent  possesses 
none  of  those  species  which  once  covered  it,  since  the  present 
generation  will  have  couipleted  the  destruction  of  them  all." 

During  the  eleven  j'ears  that  have  elapsed  since  these  para- 
graphs were  written,  the  writer  has  presented  these  consider- 
ations every  session,  with  the  insistancc  it  seemed  to  him  their 
importance  deserved,  until  of  late  years  he  has  bad  to  feel 
that  the  opportunity  for  saving  this  remnant,  which  was  going 
more  and  more  each  year,  had  in  some  respects  finally  gone. 
The  great  Kadiak  bear,  the  largest  carnivorous  animal  upon 
theplanet,  since  the  report  above  quoted  was  written,  has  been 
driven  farther  and  farther  into  the  interior,  until  a  specimen 
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is  now  unprocumble  except  by  the  fitting  out  of  a  costly  expe- 
dition, with  the  remote  chanoe  of  obtaining  a  single  adult, 
though  such  an  expedition  will  probably  be  more  successful  in 
procuring  the  young. 

Something  much  like  this  may  be  said  of  the  giant  moose 
and  of  other  of  our  semiarctic  fauna.  The  buffalo  is  so 
nearly  gone,  even  from  its  shelter  in  the  Yeliowatone  National 
Park,  that  the  stockade  which  the  Institution  erected  there  to 
secure  and  "gentle  "part  of  the  few  buffalo  remaining,  is  fall- 
ing down  without  a  single  one  ever  having  l>ecn  in  it.  Taught 
by  the  hopelessness  of  previous  applications,  the  Secretary 
has  limited  his  request  for  this  purpose  to  an  immediate  appro- 
priation of  $15,000,  with  the  now  faint  hope  of  securing  some 
of  the  young  of  these  vanishing  creature."— the  great  bear,  the 
great  moose,  and  the  like.  The  Secretary  is  prepared  to  soon 
abandon  recommendations  which  have  l»een  urged  for  nearly 
ten  years,  not  only  l>ecause  they  have  been  so  far  made  in 
vain,  but  becausftsome  term  must  be  set  in  which  they  will 
have  too  evidently  grown  useless  f  i-om  the  disapi>earance  of 
the  animal  races  in  question. 

As  to  the  l>eHt  means  of  securing  the  protection  of  these 
races,  he  hag  acquired  in  this  long  effort  some  practical  knowl- 
edge of  the  difficulties  and  of  the  simple  but  effective  remedy 
which  can  be  applied.  The  subject  Is  too  large  a  one,  how- 
ever, to  treat  here,  and  he  will  only  >iay  that  these  creatures,  if 
secured  and  transported  immediately  from  their  native  haunts, 
are  most  unlikely  to  live  under  the  conditions  of  civilization. 
They  are,  on  the  contrarj',  very  likely  to  live  and  even  to  per- 
petiiatfi  their  species  if  taken  with  care  and  kept  surrounded 
by  the  protection  that  experience  and  common  sense  suggest; 
and  both  those  mean  the  continuance  of  the  present  National 
Zoologicjil  Park  here  under  the  eyes  of  Congress,  but  with  a 
simultaneous  provision  for  first  bringing  up  the  wild  animals 
in  a  commodious  place  of  confinement  in  the  country  where 
they  l>elong{one  in  Alaska,  for  instance),  large  enough  to  allow 
them  to  live  without  a  sense  of  captivity,  on  their  ordinary  food, 
and  in  their  ordinary  climate.  This  place  might  be  a  small 
ranch,  where  the  things  of  vital  importance  after  their  capture 
and  security  ^namely,  their  t>emg  "gentled"  and  accustomed 
to  the  sight  of  the  keeper  before  lieing  transferred  to  Washing- 
ton— can  be  carried  out.     Such  a  ranch  can  be  established  at  a 
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small  cost,  which  will  not  be  likely  to  be  exceeded,  and  Con- 
gfress  can  be  a^ured  that  it  ia  not  entering  into  an  indefinite 
future  expense  if  this  initial  one  be  approved. 

The  Secretary  will  not  leave  this  brief  mention  of  the  sub- 
ject without  stating  that  the  walrus,  perhapH  the  sea  elephant, 
some  kinds  of  seal,  and  inany  other  great  aquatic  mauimalH, 
can  equally  share  in  this  protection  at  a  similarly  small  expense, 
by  simply  preserving  some  locality  where  the  walrus  now 
congi-egate,  as,  for  instance,  a  known  spot  on  the  northei  n 
shore  of  the  Alaskan  peninsula,  or  by  establishing  a  more 
special  preserve  in  some  landlocked  l>ay,  where  they  will 
obtain  their  natural  food  and  l>e  properly  guarded. 

As  to  the  local  use  of  the  National  park,  the  beautiful  region 
set  aside  by  Congress  for  it  here  has  proved  a  (it  place  for 
filling  the  objects  of  its  existence,  declared  by  Congress  to  be 
"The  advancement  of  science  and  the  instruction  and  recrea- 
tion of  the  people,"  for  here  not  only  are  the  national  ani- 
mals, with  others,  preserved  (in  connection,  it  is  to  be  hoped, 
later  with  fixed  sources  of  supply),  from  which  the  race  could 
be  recreated  if  it  died  out  elsewhere,  but  the  National  Zoolog- 
ical Park  has  become  a  favorite  resort  of  the  nation's  visitors 
to  the  capital,  who  find  in  its  shades,  along  with  such  land- 
scapes as  no  other  city  can  show,  object  lessons  Of  attractive 
interest — for  we  must  admit  that  we  are  all,  adults  as  well  as 
.  children,  interested  in  our  animals,  with  an  attraction  which 
no  books  about  them  can  supply. 

It  has  been  possible  to  make  some  needed  improvements  in 
the  roadways  of  the  park  during  the  year,  but  many  of  the 
buildings  are  almost  falling  down.  The  need  of  means  to  put 
a  permanent  shelter  over  the  animals  can  not  be  overstated. 
Mention  has  already  been  made  in  this  relation  of  the  aqua- 
rium building,  which  consists  of  a  literal  barn,  and  which  was 
brought  here  until  Congress  could  provide  a  special  one;  but 
although  several  years  have  elapsed,  none  has  yet  been  pro- 
vided. The  elephant  house,  a  small  wooden  shed,  put  up  as  a 
temporary  expedient  ten  years  ago,  requires  extensive  repairs 
to  prevent  it  literally  falling  from  rottenness. 

The  wooden  fence  placed  around  the  park  ten  years  ago, 
and  expected  to  last  four  or  five  years  till  a  permanent  one 
was  provided,  has  never  lieen  replaced  at  all,  and  has  gone 
beyond  repair. 
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With  regard  to  the  birds,  more  b  being  done  for  the  better 
care  of  the  larger  ones.  There  has  been  designed  and  partly 
constructed  a  lai^  "flying  c^^,"  capable  of  including  tall 
trees  within  it,  which  in  to  be  built  near  the  present  bird 
bouse.  The  cage  will  be  supplied  with  running  water,  and  it 
is  hoped  that  some  of  the  aquatic  species  may  live  within  its 
limits. 

THE  ASTKOPHYSICAL  OBSERVATORY. 

The  most  prominent  feature  of  the  year's  work  has  been 
the  distribution  of  the  fintt  volume  of  Annals  of  the  Astro- 
physical  Observatory,  to  which  attention  was  directed  in 
my  report  of  last  year.  This  special  volume  has  been  sent 
to  1,500  Government  depositories,  observatories,  learned 
societies,  and  to  eminent  astronomers  and  physicists  through- 
out the  world.  The  work  will,  it  is  believed,  establish  an 
enduring  reputation  for  the  observatory  from  which  it  pro- 
ceeded. 

The  eclipse  expedition  to  Sumatra  is  spoken  of  more  at 
length  iu  the  detailed  report  of  the  Aid  Acting  in  Charge, 
which  will  be  found  in  the  Appendix.  The  special  occasion 
for  this  expedition  arose  with  reference  to  the  observations 
made  under  the  Government  appropriation  by  the  Institution 
in  the  solar  eclipse  of  May  28,  1900,  at  Wadeatjoro,  N.  C. 
These,  though  valuable,  were  not  in  themselves  complete,  and 
pointed  to  conclusions  of  particular  interest  which  demanded 
the  opportunity  of  another  eclipse  to  definitely  perfect  them. 

Perhaps  the  most  interesting  of  these  was  the  incomplete 
evidence  secured  on  a  single  photograph  of  the  existence  of 
several  small  planets  within  the  orbit  of  Mercury,  as  indicated 
in  Plate  XVIII  of  the  last  year's  report.  Prof.  E.  C.  Pick- 
ering, to  whom  this  photograph  vfa»  referred  for  his  expert 
judgment,  saw  nothing  in  the  appearance  of  the  phot<^i-aphic 
impressions  of  the  supposed  planets  which  would  lead  him  to 
pTOnounco  thcni  spurious.  To  make  certain  of  their  genuine- 
ness would,  however,  required  the  evidence  of  another  photo- 
graph, and  new  photographs  were  only  to  l>e  supplied  by 
another  eclipse. 

A  second,  not  absolutely  conclu.'*ive,  obseiTation  of  great 
interest  was  that  made  by  the  bolometer  on  the  heat  of  the 
inner  corona,  from  which,  as  stated  on  page  15-t  of  the  Smith- 
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sonian  Report  for  1900,  certain  conctluuioDs  were  drawn  regard- 
ing its  temperature.  These  observations  attracted  widespread 
interest  and  discussion  among  the  astronomical  public,  and  it 
became  of  importatice  to  verify  and  extend  them  if  possible. 

Hence  it  seemed  to  be  desirable  that  an  expedition  should 
proceed  to  the  island  of  Sumatra  to  observe  the  long  eclipse 
there.  The  Institution  did  not,  however,  ask  for  a  second 
appropriation  from  Congress. 

The  United  States  Naval  Observatory,  which  had  secured 
such  an  appropriation,  had  courteously  offered  to  take  one  of 
the  Institution's  staff  as  a  part  of  its  own  expedition.  Since, 
however,  the  Institution  wanted  the  Sumatra  work  to  com- 
plete its  own  special  work  of  the  previous  year,  and  since  it 
would  involve  the  use  of  large  special  apparatus  belonging  to 
it,  it  was  deemed  better  that  it  shouldasend  out  a  party  of  its 
own,  though  on  a  most  modest  scale. 

The  party  sent  out  from  the  Institution  consisted  of  Mr. 
C.  G.  Abbot,  Aid  Acting  in  Charge  of  the  Smithsonian 
Observatory,  and  Mr.  Paul  Draper. 

Through  the  permission  of  the  Secretary  of  War  and  by 
the  good  offices  of  Brig.  Oen.  M.  I.  Ludington,  Quartermaster- 
General,  transportation  was  secured  to  Manila  and  return  by 
the  anny  transport  seiTice.  The  Secretary  of  tlie  Navy  con- 
sented that  the  Institution's  expyedition  should  be  carried  from 
Manila  to  Padang  and  return  in  the  same  vessel  with  the  expe- 
dition of  the  United  States  Naval  Observatory.  My  acknowl- 
edgments are  further  duo  the  Hon.  F.  W.  Hackett,  Assistant 
Secretary  of  the  Navy,  for  very  effective  aid  in  perfecting 
these  arrangements.  Letters  of  introduction  to  Dutch  offi- 
cials were  obtained  from  the  Department  of  State  of  the 
United  States,  and  from  his  excellency  Baron  W.  A.  F. 
Gevers,  minister  of  the  Netherlands. 

Mr.  Abbot  and  Mr.  Draper  sailed  on  February  16  in  the 
transport  Sheridan  from  San  Francisco,  arriving  at  Manila 
on  March  15,  whence,  seven  days  later,  they  embarked  on  the 
United  States  naval  transport  Oeneral  Alavn,  reaching  Padang, 
Sumatra,  on  April  4,  from  which  point  they  proceeded  to 
Solok,  a  small  town  in  the  interior,  which,  though  about 
twenty-five  miles  north  of  the  central  eclipse  track,  was  chosen 
as  having  the  best  meteorological  record  of  any  part  of  the 
island,  and  because  of  its  location  on  a  railroad.     Nothing 
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could  exveod  the  kiiidne8e  exercised  by  all  the  Dut«h  officials 
of  Sumatra  to  further  the  comfort  and  8ucce88  of  the  observ- 
ers. Free  transportation  was  offered  on  all  government  rail- 
ways, and  observing  sites  placed  at  their  disposal,  with  native 
laborers  for  the  installation  of  equipments.  The  Secretary 
wishes  to  especially  acknowledge  the  indebtedness  of  the 
Institution  to  his  excellency  Governor  Jockes,  of  Sumatra's 
west  coast,  to  Heer  Tb,  F,  A.  Delprat,  head  of  government 
railways  in  Sumatra,  and  to  Heer  C.  G,  Veth,  United  States 
consular  agent  at  Padang,  whose  efforts  in  behalf  of  the  party 
were  untiring. 

The  little  expedition  reached  Uolok  April  11  and  passed  the 
time  in  constant  drill,  l>eing  strengthened  by  native  help  in 
erecting  instruments.  On  the  momentous  day  (May  18)  the 
weather  proved  to  be  very  bad  over  this  portion  of  the  island, 
and  caused  the  partial  failure  of  the  observations,  though  Mr. 
Abbot  and  bis  companion  may  feel  that  while  it  was  not  in 
their  power  to  command  success  they  have  deser^-ed  it. 

They  returned  under  the  same  assistance  from  the  Army 
and  Navy  with  which  they  went  out,  reaching  Washington  on 
the  'iilth  of  July. 

Attention  is  called  to  the  progress  reported  by  the  Aid  Act- 
ing in  Charge  in  perfecting  de\'iceM  to  increase  the  actual 
working  sensitiveness  of  the  galvanometer,  which  is  an 
indispensable  companion  to  the  Wlometer  the  instrument 
which  perceives  and  measures  excessively  small  variations  of 
temperature. 

The  bolometer,  it  will  be  reinemhei-ed,  was  invented  l)y  the 
present  writer  some  twenty  years  ago  as  an  in^jtrument  to 
detect  radiant  heat  in  such  .small  ({uantities  as  could  be  recog- 
nized not  even  by  the  most  delicate  thermometer,  and  which 
wei-e  so  far  beyond  the  reach  of  that  instrument  that  the 
thermopile  could  not  register  them.  It  may  seem  to  the  gen- 
eral reader  that  the  recognition  of  such  oxccNsivety  small 
amounts  of  heat  can  not  be  of  practical  importance,  but  this 
would  be  like  saying  that  the  human  eye  was  an  instrument 
of  no  importance  to  the  owner,  since  the  amount  of  energy 
which  enabled  it  to  see  is  so  inexpressibly  small. 

The  Iwlometer  has  Im-cu  called  "an  eye  which  sees  in  the 
dark,"  and   it  sees  only  by  means  of  almost  intinitesimally 


^dbyGOQl^lC 


SEPOKT   OF   THE   SECRETARY.  47 

small  amounts  of  heat,  but  it  now  sees  with  these  what  neither 
the  eye  nor  the  phot<^raph  can  see.  When  the  writer  took 
charge  of  the  Antrophyaical  Observatory  of  the  Smithsonian 
Institution  the  bolometer,  with  its  attendant  galvanometer, 
i-ould  recognize  a  change  of  temperature  of  leas  than  one- 
hundred-thouaandth  of  one  degree  Centigrade.  With  the 
changes  which  he  and  others  have  since  introduced  in  the  instru- 
ment and  its  attendant  galvanometer,  it  can  now  recognize  less 
than  one  one-hundred-raillionth  of  one  degree.  As  much  as 
a  thousandfold  gain  in  sensitiveness  has,  then,  been  attained 
over  the  former  conditions,  and  a  manifold  further  increase  is 
hoped  for  by  the  use  of  the  more  sensitive  galvanometer 
now  being  developed  under  the  immediate  care  of  Mr.  Abbot, 
the  Aid  Acting  in  Chaise, 

Even  with  this  remarkable  progi-ess  the  bolometer  is  still 
far  less  sensitive  than  the  eye  in  its  capacity  to  detect  radia- 
tions of  wave-lengths  suitable  for  eye  observations,  biit,  as  is 
well  known,  it  has  the  great  advantage  that  all  rays  affect  it 
equally,  whether  visible  or  not,  aud  that  hence  it  can  sec 
where  the  eye  can  not. 

In  this  little  and  inadequately  installed  Suiithsonian  Obser- 
vatory the  bolometer  has  extended  the  known  spectrum  to  a 
wave-length  many  times  that  known  to  Sir  Isaac  Newton,  and 
its  use  has  spread  from  this  country  to  every  pbysimi  labora- 
tory in  the  world  where  such  reseiiR'hes  are  carried  on.  It  is 
growing  more  sensitive  each  year  with  continued  iniprove- 
ments,  to  which  there  seems  to  be  no  assignable  limit,  and 
its  future  promises  to  lie  as  full  of  value  as  its  past. 

The  urlmn  situation  of  the  OhseiTatory  puts  serious  diffi- 
culties in  the  way  of  investigations  which,  like  the  one  just 
referred  to,  require  exceptional  steadiness  and  freedom  from 
magnetic  fluctuations.  An  astrt^hysical  observatory  should 
evidently  lie  located  where  smoke,  lights,  noise,  traffic,  and 
heavy  electric  currents  are  at  a  distance.  That  the  Smith- 
sonian Observatory  should  still,  after  twelve  years,  be  in  it« 
present  situation  and  with  merely  temporary  wooden  build- 
ings for  its  home  is  indeed  far  from  the  expectations  cherished 
at  its  inception,  a  condition  of  affairs  which  the  Secretary  still 
ventures  to  hope  will  be  changed. 
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INTERNATIONAL  EXCHANGES. 

The  importance  of  the  work  a(-coinplish(^d  by  the  Interna- 
tional Exchan^  Service  is  constantly  becoming  more  fully 
understMod,  and  the  benefits  derived  from  it  in  the  inter- 
change of  the  pubticationK  of  the  civilized  world  more  ade- 
quately estimated.  The  liberality  of  the  American  people  in 
gratuitously  supplying  their  scientific  literature  to  apprecia- 
tive students  of  it,  wherever  thoy  may  be,  and  the  provision 
for  itslransmission  at  the  expense  of  the  United  States  Gov- 
ernment and  of  the  Smithwonian  Institution  jointly,  creates 
such  an  impression  abroad  that  the  Institution  is  often  asked 
for  a  description  of  the  methods  for  retarding  and  forward- 
ing exchanges,  with  a  view  to  enabling  othera  to  adopt  its 
system,  which  for  accuracy,  lalwr  .<4aving,  and  as  a  perma- 
nent record  for  ready  reference,  years  of  assiduous  study 
have  perfected  into  what  it  is  to-day. 

The  term  "  International  Exchanges,"  to  those  unaccui^- 
tomed  to  its  application,  may  seem  ambiguous,  but  the  use  of 
the  term  is  now  universally  accepted  as  applying  to  the 
mutual  exchange  between  Smithsonian  correspondents  every- 
where of  printed  books  on  subjects  of  interest  to  the  student 
in  any  branch  of  human  knowledge. 

The  Institution  adopted  the  custom  of  voluntarily  present- 
ing its  publications  to  learned  societies  in  the  year  1849,  when 
it  sent  a  copy  of  Volume  I  of  the  Smithsonian  Contributions 
to  Knowledge  to  each  of  one  hundred  and  seventy-three  for- 
eign institutions.  The  recipients  of  these  copies  subsequently 
sent  their  publications  in  exchange,  and  these  reciprocal  con- 
tributions aided  in  forming  the  nucleus  of  the  library  of  the 
Smithsonian  Institution. 

As  the  Institution  increased  the  publication  of  works  on 
scientific  subjects,  the  exchange  with  its  correspondents 
abroad  also  increased,  and  the  facilities  for  forwarding  and 
distributing  the  parcels  soon  led  to  requestf  being  made  by 
other  learned  establishments  in  the  United  States  for  their 
publications  to  be  forwarded  abroad  bj'  the  Institution  in  the 
same  manner.  The  purpose  of  the  donor  of  the  Smithsonian 
fund,  "the  diffusion  of  knowledge  among  men,"  could  not,  in 
the  minds  of  the  Regents,  be  l>etter  promulgated  than  by 
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CHART  RtPntSSNTINC  THE  RELATtVE  NUMBER  OF  PARCELS  EX- 
CHANGED BETWEEN  THE  UNrTED  STATES  AND  OTHER  COUNTRIES 
DURING  THE  FISCAL  TEAR  ENDING  JUNE  3a  1901.  EXCHANGES  WERE 
CONDUCTED  WITH  130  COUNTRIES.  THOSE  ACCRCCATINC  LESS  THAN 
1000  PACKAGES  ARE  OMITTED.  THE  AVERACC  WGICHT  OF  EACH  PARCEL 
WAS  3  1-2  POUNDS.  TOTAL  WEIGHT  HANDLED  DURING  THE  YEAR 
4t4JITT   POUNDS. 
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devoting  a  part  of  the  income  of  the  fund  to  this  pui-pose, 
and  from  that  time  to  the  present  the  Institution  has  assigned 
space  in  the  Smithsonian  building  and  has  appiopi-iated  a  con- 
siderable part  of  its  annual  revenue  to  the  support  of  the 
system  of  International  Exchanges. 

The  United  States  Government  participated  to  a  large 
extent  in  the  benefits  of  the  exchange  system  of  the  Smith- 
sonian InstitiiCion  for  many  years  without  contributing  to  it^ 
support,  until  the  burden  became  so  great  that  Congress  in 
1881  made  an  appropriation  of  $3,000  for  the  purpose,  and 
since  then  has  made  larger  provision  for  the  service  from  year 
to  year  until  $24ii000  was  granted  for  the  fiscal  year  ending 
June  30,  11)00,  and  a  like  amount  wa.s  appropriated  for  the 
last  year. 

Notwithstanding  the  support  of  Congi-ess  in  aid  of  the 
exchange  service  during  recent  years,  none  of  the  appropHa- 
tions  have  been  quite  adequate  to  the  growth  of  the  service 
and  to  provide  for  improvements  necessary  to  expedite 
exchange  transmissions,  which,  within  the  last  two  years,  have 
been  unusually  large.  In  oi-der  to  accomplish  these  improve- 
ments it  has  been  necessary  to  substitute  fast  mail  steamers 
for  the  slower  ones  upon  whi(;h  the  ocean  transportation  com- 
panies usually  granted  the  Institution  the  coui-tesy  of  free 
freight,  and  in  demanding  the  beat  possible  facilities  it  has 
been  necessary  in  most  instances  to  pay  the  customai'y  rates. 

The  field  covered  by  coi-respondents  of  the  Smithsonian 
Institution  and  the  contributoi's  and  recipients  of  its  ex- 
changes is  now  represented  by  one  hundred  and  forty-eight 
countries,  covering  every  part  of  the  civilized  world  and 
extending  to  several  countries  where  enlightenment  baa  only 
commenced  to  manifest  itself.  In  the  latter  are  some  of  the 
most  appreciative  cori'espondents  of  the  seiTice. 

Outside  the  United  States  the  Smithsonian  correspondents 
now  number  twenty-seven  thousand  five  hundred  and  fifty-six 
(^7,551!),  and  including  this  country  there  is  a  grand  total 
of  thirty-five  thousand  seven  hundred  and  five  (35,705),  an 
aggregate  increase  of  seventeen  hundred  and  fifty-four  (1,754) 
during  the  year. 

The  parcels  received  for  transmission  this  year  number 
one  hundred  and  twenty-one  thousand  and  sixty  (121,060) 
8H  1901 i 
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(luaiiy  of  which  contained  ijoveral  separate  publications),  rep- 
resenting an  increaue  over  the  previous  year  of  seven  thoutund 
four  hundred  and  ninety -seven  (7,497).  The  relative  amount 
of  exchanges  with  various  countries  is  graphically  shown  in 
the  accompanying  chart. 

A  total  of  sixty-two  thousand  three  hundred  and  fourteen 
(62,314),  or  more  than  half  the  number  of  parcels  delivered 
to  the  International  Exchanges,  were  either  received  fi-om  the 
departments  and  bureaus  of  the  United  States  Government 
for  transmission  abroad,  or  were  received  for  them  from 
abroad,  and  constituted  fully  75  per  cent  of  the  total  weight 
of  all  transinissions  for  the  year.  This  branch  of  the  service 
is  then  of  value  to  the  Library  of  Congress  and  the  depart- 
mental and  sectional  libmries  of  evt-ry  branch  of  the  CJov- 
ernment. 

In  his  bist  report  the  Secretary  presented  an  account  of  his 
visit  to  London  and  Berlin  during  the  summer  of  ISKW  for 
the  puriwwe  of  impressing  upon  the  British  and  Gei-man 
Governments  the  desire  of  the  InHtitution  that  they  should 
each  establish  an  international  exchange  bureau,  or  at  least 
arrange  for  the  tiimsiiii^^sion  and  distribution  of  exchanges  so 
far  as  this  country  is  concerned.  This  work  haa  been  carried 
on  between  the  United  States  and  each  of  these  countries 
from  the  beginning  at  the  expense  of  the  Institution,  which 
has  paid  all  expenses,  even  to  the  employing  of  a  salaried 
agent  in  both  countries.  As  yet  no  definite  action  has  been 
taken  by  either  Government. 

Although  subsequently  to  the  conclusion  of  the  Brussels 
treaty  in  WSG,  France  had  established  an  international  ex- 
change bureau,  it  had  not  provided  sufficient  means  to  conduct 
it  in  a  manner  to  insure  prompt  distribution  of  parcels.  The 
Secretary,  accompanied  by  Mr.  Henry  Vignaud,  of  the  United 
States  embas.sy,  had  an  interview  with  Monsieur  Liard,  chief 
of  the  libraries  of  France,  who  promised  to  I'ecommend  to  the 
French  Chambci-s  an  increase  in  the  appropriation  foi*  inter- 
national exchanges.  The  Secretary  is  pleased  to  note  that  a 
substantial  improvement  has  I'ecently  been  made  in  the  time 
required  for  the  distribution  of  exchanges  in  France,  and  has 
evei'y  reason  to  hope  that  the  interests  of  the  exchange  serv- 
ice at  large  are  about  to  benefit  l>y  improvements  introduced 
at  his  request,  on  the  efficient  i-ecommcudution  of  M.  Liard, 
in  the  French  system. 
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Whenever  it  has  been  possible  for  a  representative  of  the 
Smithsoni&n  Institution  to  visit  the  exchange  bureaus  of  other 
countries,  the  information  obtained  concerning  the  systems 
and  customs  practiced  elsewhere  and  a  personal  ac<|uaintance 
with  the  officers  in  immediate  charge  of  exchanges  has  been 
of  great  benefit.  As  the  official  exchange  bureaus  of  Italy 
and  Switzerland  had  never  been  visited  by  a  representative  of 
the  Institution,  and  as  the  agencies  at  Vienna  and  Budapest 
had  not  been  inspected  since  the  autumn  of  1897,  Mr.  W.  Irving 
Adams,  chief  clerk  of  the  International  Exchange  Service,  was 
directed  to  visit  and  familiarize  himself  with  all  of  them  dur- 
ing the  last  summer.  His  report,  given  in  the  Appendix, 
conveys  the  assurance  that  the  cordial  relations  hitherto  exist- 
ing betw^n  these  ^encies  and  the  Smithsonian  Institution 
will  henceforth  be  more  fiimly  established  than  ever;  and  an 
increase  m  the  contributions  from  Italy  and  Switzerland  to 
the  United  States  Government  institutions,  especially  to  the 
Libraiy  of  Congress,  is  already  apparent. 

NECROLOGY. 

WILLIAM    LYNK    WIUJON. 

At  a  meeting  of  the  Board  of  Kegent^  of  the  Smithsonian 
Institution  held  January  23,  1901,  the  Hon.  J.  B.  Henderson, 
the  chairman  of  the  Execntive  Committee,  made  the  following 
remarks  in  memory  of  Mr.  Wilson: 

It  is  due  to  Mr.  Wilson  that  a  word  of  tribute  to  bis  mem- 
ory,should  come  from  the  Executive  Committee  of  the  Board 
of  Regents.  His  service  as  a  member  of  the  Committee  was  of 
short  duration,  but  long  enough  to  endear  him  to  those  who 


While  Mr.  Wilson  possessed,  in  an  eminent  degree,  the 
power  of  speech — while  indeed  he  was  an  orator,  gifted  with 
the  charm  and  l)oauty  of  genuine  eloquence — his  chief  title  to 
remembrance  will  rest,  not  upon  his  words,  l)ut  rather  upon 
what  he  did  and  what  he  was. 

Non  ojnis  est  iifhiit,  credlte  n-f/tui.  Blessed  with  a  liberal 
education,  he  enjoyed  it  not  alone,  but  became  an  educator  of 
usefulness  and  marked  distinction.  As  a  lawj-er  he  took  high 
mnk,  and  placed  himself  among  the  most  distinguished  jurists 
of  his  State.  For  twelve  years  he  served  an  intelligent  con- 
stituency in  the  Congress  of  the  United  States,  where  his 
record  is  marked  by  all  that  chai-acterizes  the  highest  order 
of  statesman:^hip — honesty,  purity,  devotion,  and  intelligence. 

As  Pastinaster-General  in  the  Cabinet  of  President  Cleve- 
land, he  gave  renewt^  evidence  of  ability  and  industry,  and 
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altw  the  bigbetit  a0.-4iirani-«  of  capacity  for  the  conduct  of  the 
luo^t  difficult  administrative  duties. 

With  thia  but  inadequate  n-trospet^t  of  what  he  did,  let  ua 
turn  for  a  moment  to  what  he  waa.  In  the  first  phu'<>.  he  wait 
what  the  poet  justly  designates  as  the  "  noblest  work  of  God," 
an  honest  man.  ifeyond  the  wisdom  of  the  philosophers  and 
the  classical  lore  of  the  universities,  he  had  that  pure  and  better 
tcacbiug.au educated  conscience.  And  to  this  unerring  tribuDal 
he  submitted  the  conduct  of  bis  life.  And  thiis  it  was  that 
the  observance  of  the  golden  rule  brought  him  no  burden,  but 
was  a  part  of  his  existence.  He  esteemed  his  friend  as  he 
esteemed  himself.  In  the  language  of  the  Greek  philosopher, 
his  friend  was  "another  I." 

It  has  l>een  said  that  great  men  arc  without  ostentation  and 
selfish  pride.  If  this  be  a  mark  of  gi-eatness,  Mr.  Wilson's 
gentleness  und  simplicitj'  of  character  gave  him  the  highest 
place  among  the  truly  great.  It  is  sai£  and  said  with  truth, 
that  kindne-ss  is  the  only  key  with  which  the  casket  of  the 
human  heart  can  be  opened.  Air.  Wilson  had  no  enemies, 
and  his  kindness  and  lovable  character  explain  the  fact. 

Tcunyson  was  right  when  he  said, 

'Tis  ouly  noble  to  be  good. 

Kind  hearts  are  more  than  coron^tf, 

And  simple  faith  than  Norman  blood. 

The  Board  adopted  the  following  resolutions. 

Whereas  the  Board  of  Regents  of  the  Smithsonian  Insti- 
tution is  called  upon  to  mourn  the  deatli,  on  October  17, 
1900,  of  Williaoi  Lvno  Wilson,  a  member  of  the  lioard  from 
18H4  t«  1888  and  /rom  IS'JO,  and  a  member  of  its  executive 
committee: 

Be  it  renolecd.  That  the  Regents  place  upon  record  the 
expression  of  their  sense  of  loss  in  the  passing  away  of  a  col- 
league, the  simplicity  and  integrity  of  wliose  life  gave  to  the 
coimtrv  a  statesman  of  the  tirst  rank  and  to  the  people  a  noble 
example.  To  the  Institution  he  brought  the  twofold  qualities 
of  the  man  of  affairs  and  the  man  of  learning,  while  his  atten- 
tion to  his  duties  was  unremitting,  even  in  sickness,  and  his 
counsel  was  always  most  wise  and  helpful.  As  a  college  presi- 
dent^ as  a  leader  in  Congress,  he  was  conspicuous  for  his 
fidelity  to  the  highest  ideals.  In  his  death  the  country  has 
lost  a  distinguished  citizen,  the  Institution  a  wise  counselor, 
and  the  meiubers  of  the  iHwrd  u  colleague  and  friend,  whose 
especially  lovable  nature  won  the  hearts  of  all  with  whom  he 
came  in  contact. 

Resolved,  That  this  resolution  Ite  entered  as  a  part  of  the 
journal  of  the  board  and  a  copy  transmitted  to  Mrs,  Wilson. 

Respectfully  submitted. 

S.  1*.  Langlky, 
Secretary  of  the  Siiiithitonian  IimtUutiou. 
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APPENDIX  TO  THE  SEOEETAEY'S  EEPOBT. 

ApPEvms  I. 
REPORT  ON  THE  UNITED  STATES  NATIONAL  MUSEUM, 

Sir:  I  have  the  honor  to  report  as  followe  regarding  the  conditioa  and 
operations  of  the  National  Museum  during  the  year  ending  June  30,  1901: 

While  havinK  as  its  primary  function  to  preserve  and  classify  the  Gov- 
ernment collections,  to  which  large  addition!)  were  luaile  during  the  year, 
the  National  Museum  is  best  known  to  the  public  fnim  its  educational 
aide,  and  as  a  source  of  information  on  flcienlific  subjects.  As  one  of  the 
principal  points  of  interest  at  the  national  capital,  it  is  viuted  by  large 
numbers  of  persons  from  all  parts  of  the  country,  the  attendance  during 
the  past  year  having  been  al>ove  216,000,  which  is  about  the  average. 
Many  thousands  who  have  not  the  oppori:unily  of  coming  to  Washington 
are  benefited  by  its  publications  sent  to  them  directly  or  accessible  in  the 
public  libraries.  Upward  of  700  lots  of  specimens  were  received  at  the 
Muaeum  for  identiSt^tion  and  report,  besides  some  8,000  letters  requesting 
information  on  a  great  diversity  of  sclentifio  topics.  The  amount  of  dupli- 
cate material  contributed  to  educational  establishments,  large  and  small, 
in  various  parts  of  the  country,  and  used  in  connection  with  the  exchangea, 
has  aggregated  over  10,000  objects.  At  the  close  of  the  year  scarcely  any 
of  the  regular  educational  sets  of  duplicates  remained  on  hand,  but  a  new 
seried  of  100  eete  of  marine  invertebrates  was  in  course  of  preparation.  It 
has  also  been  posuble  to  grant  facilities  to  many  students  for  conducting 
tnvestigationsalong  theirspecialhnes  of  research,  and  to  others  material 
has  been  sent  as  loans,  to  enable  them  to  carry  on  their  work  at  tlieirbome 
laboratories. 

One  of  the  most  noteworthy  accomplishments  of  the  year  has  been  the 
fittii»g  up,  under  the  direction  of  the  SecreUry,  for  the  special  benelit  of 
very  young  people,  of  the  main  floor  of  the  south  towerof  the  Smithsonian 
building,  adjacent  to  the  BinI  Hall,  which  has  been  designale^l  the  Chil- 
dren's Room.  The  floor  is  of  marble  mosaic,  with  a  border  of  Celtic  design. 
The  walls  have  l)een  painted  in  several  shades  of  green  and  paneled,  with 
a  view  of  some  time  adding  pictures  illustraling  curious  features  of  animal 
and  plant  life.  The  ceiling  is  decorated  with  a  trellis  and  vine,  througli 
which  are  glimpses  of  sky  and  cloud,  and  of  bright -ptumaged  birds. 

The  main  exhibition  consists  of  strange  and  attractive  specimens  of  birtls, 
mammals,  iuset^ts,  shellfish,  sponges,  corals,  minerals,  and  fossils,  and 
occupies  two  cases  surrounding  the  room  and  built  bo  low  that  even  the 
smallest  child  can  examine  tlie  objects  on  the  upper  shelves.  In  the  cen- 
ter of  the  room  is  a  lar^-  aquarium  with  fresh-water  fishes,  while  hanging 
from  the  ceiling  are  several  brass  cages  with  bright  colored  and  singing 
birds. 
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The  object  in  [i1annini;>  thif  room  has  heen  to  excit«  the  wonder  k&d 
cnrioeity  of  children,  to  inepire  them  anconecioDely  with  B  love  for  nature, 
and  no  feature  has  been  admitted  nhich  might  tend  to  defeat  thie  pnrpoae. 
No  t^atin  or  technical  labels  puzzle  the  children,  but  every  object  is 
described  in  the  plainest  language. 

-  Organitation  and  ttaff. — The  organization  of  the  Museum,  as  modified  in 
1897,  comprises  an  administrative  office  and  the  three  scientific  depart- 
ments of  anthropology,  biolc^y,  and  geology.  Earh  department  is  in 
charge  of  a  head  curator  and  ie  composed  of  several  divisions,  of  which 
anthropology  has  8,  biology  9,  and  geology  3,  while  theie  are  also  IS  snb- 
diviuons  or  sections. 

Under  the  general  direction  of  the  Secretary,  who  ie  the  keeper  ex  officio 
of  the  Museum,  administrative  mattere  have  been  in  the  immediate  chaige 
of  the  Aseiatant  Secretary  of  the  Smithsonian  Institution. 

At  the  close  of  the  year  the  scientific  staff  consisted,  beRdes  the  3 
head  curators,  of  IS  curators,  12  assistant  curators,  14  custodians,  10  aids, 
4  associates,  and  2  colUboratore,  making  a  total  of  63  penmns,  of  whom, 
however,  only  about  one-half  were  under  salary  from  the  Museum,  the 
remainder  serving  in  a  volunleer  or  honorary  capacity,  though  nearly  all 
of  the  latter  were  in  the  employ  of  other  bureaus  of  the  Government. 

The  Museum  has  i^uffered  the  loss  of  one  of  its  meet  valued  collaborators 
in  the  death,  on  September  15,  1900,  of  Mr.  S.  B.  Kochler,  Honorary 
Curator  of  the  Section  of  Graphic  Arts,  who  ainca  1887  had  rendered  most 
important  services  in  building  up  the  extensive  print  collection.  He  was 
also  connected  with  the  Boston  Museum  of  Fine  Arts  as  curator  of  prints. 

Dr.  W.  L,  Ralph,  custodian  of  the  Section  of  Birds'  Eggs  since  the 
death  of  Maj.  Charles  Beiidire,  has  lieen  made  Honorary  Curator  of  that 
section,  and  Ixsidefl  >!iving  generously  of  his  titrie,  he  has,  by  liberal  per- 
sonal donations,  grwatly  increased  the  size  anil  value  of  the  Interesting 
collections  under  his  chatge.  Mr,  F.  A.  Lucas,  curator  of  Comparative 
Anatomy,  has  been  ileslgnaleil  Acting  Curator  of  Vertebrate  Fossils.  Miss 
Harriet  Richardson  has  been  made  a  collatioralor  in  the  Division  of 
Marine  Invertebrates,  and  Mr,  Peter  Fireman  has  received  a  temporary 
appointment  as  chemical  geolt^ist. 

Building*. — Attention  has  been  directed  in  each  succeeding  report  to  the 
crowded  condition  of  the  two  main  buildings  occupied  by  the  Museum 
collections,  and  to  the  necessity  of  increasing  from  year  to  year  the  extent 
of  the  outside  quarters  required  for  storage  and  workshop  purposes.  Dur- 
ing the  past  year  Congress  has  again  l>een  called  upon  to  provide  for  the 
rental  of  an  additional  building.  Inconvenient  as  it  is  to  administer  upon 
the  collections  scattered  and  stored  in  this  manner,  the  essential  point  is 
the  danger  lo  which  the  material  is  thus  subjecte^I — material  which  can 
not  be  replace<l  and  which  constitutes  a  record  of  the  greatest  importance 
to  the  Government  archives. 

Among  the  alterations  and  improvements  made  in  the  Museum  build- 
ing, the  most  noteworthy  has  been  the  fitting  up  of  a  new  lecture  hall  in 
accordance  with  the  provision  of  Congress,  the  room  selected  for  the  purpose 
being  the  East  North  Range,  at  one  side  of  the  main  entrance.  The  only 
changes  made  in  the  room  itself  have  been  to  substitute  a  terraz^o  floor 
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for  theold  wooilen  one  nnti  to  paitit  the  wallx  and  (x?iliDg,  which  hsH  Ixien 
doDe  in  very  tasteful  and  pleasing  colore.  The  fiimuhinpi  consist  of  the 
aeceeaary  platform,  cluura,  lanteni,  curtain,  and  stand,  and  adjustable 
0cr«ensat  the  windows.  It  is  expected  that  the  facilities  thupafiorded  will 
often  be  utiltied  for  the  delivery  of  scientific  lectures  hearing  upon  the 
rich  and  varie<l  collections  in  the  Museum. 

Some  years  ago  a  number  of  electric  arc  lampe  were  tempomrily  installed 
in  the  Museum  building,  the  only  attempt  that  had  been  made  up  to  the 
present  time  to  light  its  exhibition  halls.  The  sundry  civil  appropriation 
act  for  1901  carried  an  item  of  $3,500  for  beginning  a  permanent  instal- 
lation of  wires  for  lighting  the  entire  building.  This  work  is  now  well 
under  way  and  will  be  completed  during  the  next  fiscal  year  under  an 
additional  appropriation  sufficient  to  cover  the  s:uail  wiring  anii  the  pur- 
chase of  the  necessary  fixtures  ami  lamps. 

The  roof  of  the  Museum  buililing,  never  entirely  satisfactory,  and 
showing  many  weak  points  during  recent  years,  has  been  repaired  and 
strengthened  to  the  extent  that  ita  character  wamuited,  under  the  advice 
of  a  competent  engineer,  and  it  is  hopeil  that  it  can  be  made  to  answer  for 
a  few  years  longer. 

Jt  is  noted  with  pleasure  that  the  last  of  the  wooden  floors,  with  which, 
through  motives  of  economy,  the  Museum  was  originally  provideil,  have 
finally  ^ven  place  to  a  more  suhslantial  character  of  pavement.  In  antic- 
ipation of  the  appropriation  made  at  the  last  session  of  Congrem  for 
improving  the  heating  system,  plans  iiave  been  prepared  for  the  instal- 
lation of  a,  pair  of  more  powerful  lN)ilers,  sufficient  for  supplying  steam  to 
botb  buildings,  wben^by  it  Ih  expected  to  obtiun  a  more  reliable  and 
economical  service. 

The  furniture  acquired  during  the  year  consisted  of  nine  exhibition  anil 
45  storage  cases,  twdiles  57R  other  pieces  of  furnishings. 

AddUiiynit  to  the  mlUrtumt. — The  new  material  received  end>races  1,470 
separate  accessions,  including  about  180,000  specimens,  and  a  census  of  the 
collections  at  the  end  of  the  year  shows  a  total  of  alxiut  4,1X15,000  sjiocimens 
now  catalogue<l  in  the  Mtweum  books. 

The  Dejiartment  of  Anthropology  has  receiveil  several  collections  of 
interest:  From  the  Indian  tril>es  of  the  (ireat  Plains  and  the  Interior 
Basin  material  of  ethnological  ini|H>rtan<v  was  obtained,  consisting  of 
articles  of  dress,  implements,  products  of  industry,  and  weapons,  gathered 
by  Cftpt.  Paul  B.  Carter,L'.  S.  A.  A  series  of  ethnological  an<l  arclucolog- 
ical  objects  was  collected  from  the  Miwion  Indians  of  southern  California 
by  Mr.  Horatio  K.  Rust,  with  the  special  view  <if  aiding  the  Museum 
ethnolt^sts  in  distinguishing  l)etwe<<n  the  arts  an<l  industries  of  the  Indians 
belonging  to  the  l^hoshonean  and  Yumsn  missions,  and  it  therefore 
becomes  a  type  of  southern  Califumian  material  already  in  the  Museum. 
AlK>ut  150  si)edinens  of  costuine,  implements,  utensils,  anil  pro*lucls 
of  the  primitive  manufactures  of  the  Obiikat  Indians  in  southeastern 
Alaska  were  secured  by  Lieut,  ti.  T.  Knimons,  U.S.  S.,  ami  they  have 
been  largely  used  in  preparing  lay  figurew,  constituting  a  family  group  of 
this  tril>e.  To  students  of  alioriginal  American  culture  a  xerics  of  seven 
fac^inile  reproductions  of  ancient  Mexican  coilices,  or  lMH)ks,  presented  by 
the  Due  de  Loubat,  will  furnish  \-aliuiblt'  information. 
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The  anthropolo^cal  departmeot  has  likewise  been  enriched  by  malerial 
relating  to  South  American  tribes.  Thns,  throngh  the  courteey  of  Dr. 
OrvilleA.  Derby,  director  of  the  Geogrspbtcal  and  Geological  Survey  of  Sao 
Paulo,  Brazil,  Rev.  W.  A.  Cook  collected  for  the  Museum  a  large  number 
of  ethnological  objecle  from  the  Bororo  Indians  of  Mato  GroeBo.  These 
Indians  belong  to  the  extended  South  American  family,  the  Tupi-Guaiani, 
and  their  primitive  mode  of  life  as  well  as  the  plcturesqueness  of  their 
feather  costumes  and  ornaments  give  a  special  importance  to  the  collec- 
tion, coming  from  an  area  hitherto  but  meagerly  represented  in  the 
Museum. 

Material  of  the  same  general  chamcler  was  gathered  by  Prof.  J.  B. 
Steere,of  Ann  Arbor,  Mich.,  from  the  Pamamary  Indians  and  other  tribes 
about  the  Upper  Purus  River  in  Brazil.  The  word  "Pamamary  "signifies 
"berry  eaters,"  and  as  Professor  Steere  made  a  special  study  of  these  peo- 
ple on  account  of  their  wild  habit  of  life,  the  objects  have  special  worth 
in  the  series  of  industrial  products.  These  Indians  have  nut  been  classi- 
fied linguistically,  but  form  on  outstanding  group.  Through  an  exchange 
with  the  Field  Columbian  Museum  there  was  secured  a  selection  from  the 
ethnological  material  perttuning  to  tlie  various  tribes  on  the  Upper  Para' 
guay  River  exhibited  by  Dr.  Emtl  Hassler  and  the  Brazilian  Commiasion 
at  the  World's  Columbian  Exposition  in  1893.  These  are  chiefly  articles 
of  drees  gorgeously  decorated  with  feathers,  the  savages  of  that  i^on 
being  very  fond  of  arraying  themselves  with  feathers  of  most  brilliant 
colors.  There  are  also  numerous  specimens  of  textiles.  The  tribes  rep- 
resented by  this  large  and  varied  collection  are  the  Apiaca  (Tupian), 
Angaytes,  Cadoca  (Guaycurian),  Cainguoe,  Cbamacoco  Brabos,  Chama- 
coco  Manos,  Cordovas,  Cuximanapanas,  Guanas  (Arawakan),  Guaranis 
(Tupian),  Guatos  (Tapuyon),  Lenguas  (Lenguon),  Matacos  (Matocoan), 
Omirie,  Parecis  (Arawakan),  and  Payaguas  (Payaguan). 

Some  interesting  ethnological  objects  from  California,  Alaska,  Hawaii, 
and  the  Fiji  Islands  were  secured  during  the  year,  including  various  im- 
plements and  utenrils  illustrating  the  early  tribes  of  the  Pacific  coast;  and 
especially  conspicuous  among  them  is  a  series  of  obsidian  implements  of 
remarkable  size  and  execution. 

From  Miss  M.  A.  Shufeldt,  of  Morristown,  N.  J.,  the  Museum  has 
obtained  a  series  of  ethnological  material  from  China,  Japan,  and  Korea, 
associated  with  historical  events  in  which  her  father.  Admiral  Robert  W. 
Shufeldt,  U,  8.  N.,  played  an  important  port,. many  of  the  .I'jiects  being 
of  considemble  extrinsic  value  as  well  as  of  historical  interest. 

Among  the  objects  received  during  the  year  from  the  Philippine  Islands 
may  be  mentioned  those  presented  by  Gen,  James  M.  Bell,  U.  S.  V., 
which  include  three  pieces  of  Bicol  armor,  a  signal  torch,  several  spears, 
bows  and  arrows,  a  war  club,  and  a  shield.  Dr.  W.  L.  Abbott,  who  tor 
BO  many  years  has  enriched  the  Museum  with  the  results  of  his  extensi'.-e 
explorations  in  the  East,  has  now  contributed  a  lai^  and  varied  ethno- 
logical collection  from  the  Andaman  and  Nk-obar  islands,  a  particular 
interest  attaching  to  these  groups  for  the  reason  that  the  inhabitants, 
i.'sjx«;ially  those  of  the  Andamans,  are  among  the  most  primitive  of  man- 
kind. The>je  people  belong  to  the  "  Negritos,"  or  small  negroids  of  south- 
eastern Asia,  and  ore  allied  to  the  Semangs  of  the  Malayan  peninsula  and 
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the  Aetas  of  the  PhiUppines.  Dr.  Abbott's  collcctionB  are  therefore  very 
valuable,  since  they  represent  Home  of  the  very  earliest  Htages  of  invention. 

Two  altars  in  combined  Gothic,  Renaissance,  and  Rococo  style  from  a 
church  in  Hildesheim,  Germany,  have  l^een  added  to  the  series  illustra- 
ting ecclesiastical  art,  which  it  ie  hoped  will  be  prepared  for  exhibition 
before  very  long. 

The  American  history  collections  lutve  been  considerably  increased 
daring  the  year,  perha[w  the  most  noteworthy  additions  being  swords, 
pistols,  medals,  spurs,  and  shoulder  straps  contributed  by  Mrs.  George  W. 
Morgan  as  personal  memorials  of  her  husband.  General  Morgan,  who 
received  them  in  recognition  of  hie  services  in  the  Mexican  and  civil  wars. 
Several  telegraph  instrunients  and  insulators  of  historic  interest  were 
donated  by  J.  H.  Bunnell  &  Co.,  of  New  York  City,  and  one  of  the  origi- 
nal cylinders  and  other  parts  of  the  celebrated  locomotive,  the  "Stour- 
bridge Lion,"  were  presented  by  Mr.  G.  T.  Blade,  general  manager  of  the 
Erie  and  Wyoming  Valley  Railroad  Company. 

In  the  division  of  prehistoric  archfeology  281  articles  of  flint  from  an 
ancient  Egyptian  quarry,  presented  by  Mr.  H.  W.  Seton-Karr,  of  London, 
are  of  special  interest  as  illuslrative  of  the  quarrying  and  stone-shaping 
art  of  the  primitive  Egyptians.  The  Bpecimens  consiat  entirety  of  "  rejects 
age,"  or  partially  shapetl  failures  and  broken  pieces  that  result  from  the 
manufocture  of  knives  and  other  implements  by  the  flaking  processes,  and 
closely  resemble  the  rejeclige  from  American  flint  quarry  sites.  A  num- 
ber of  Babylonian  seals  and  some  inscribed  earthenware  bowls  were 
acquired  durir^  the  year,  many  of  the  seals  being  rare  and  of  great  inter- 
est, while  the  inM;ribed  bowls  are  said  Ui  reveal  a  peculiar  phase  in  the 
development  of  religious  ideas. 

Among  the  accessions  of  prehistoric  objects  from  localities  within  the 
United  States  may  be  mentioned  as  of  special  interest  the  stone  implements 
and  other  relics,  principally  from  Maryland,  presented  by  Mr.  J,  D.  McGuire, 
of  Ellicott  City,  Maryland,  consisting  of  more  than  7,000  specimens,  and 
perhaps  the  most  important  collection  yet  made  in  the  Chesapeake  region 
as  the  result  of  the  energies  of  one  person.  Also  there  was  acquired  the 
Steiner  series  of  more  than  18,000  stone  implements  obtained  from  an 
ancient  village  site  on  Big  Kiokee  Creek,  Columbia  County,  Georgia.  Mr. 
Wm.  H.  Holmes,  the  head  curator  of  the  Department  of  Anthropology, 
secured  nearly  500  archaeological  specimens  from  an  ancient  quarry  in 
Union  County,  Illinois.  He  describes  these  objects  aa  representing  not 
only  the  rejected  materials  resulting  from  manufacture,  including  the  vari- 
ous forms  of  unfinished  and  broken  implements  and  the  flakage,  but  also 
the  tools  used  in  quarrying  and  shaping,  and  in  sharpening  the  implements 
used  and  mode. 

In  the  Department  of  Biology  several  divisions  report  the  receipt  of  ac- 
cessions equaling  or  surpassing  in  interest  and  value  those  of  tbe  preceding 
year.  One  of  the  most  in)|iortant  accessions  was  from  Dr.  W.  L.  Abbott, 
and  included  large  numbers  of  mammals,  birds,  reptiles,  mollusks,  insects, 
and  marine  invertebrates  from  the  Natuna  Islands,  the  Mergui  Archipel- 
ago, and  tiie  coast  of  Tringanu,  Malay  Peninsula.  The  value  of  this  mate- 
rial will  be  appreciated  from  the  fact  that  as  ruaiiy  as  twenty  new  species 
have  already  been  noted  among  the  maummls  alone.    The  collections  of 

J 


58  REPORT   OF   THE   8E0BETABT. 

Dr.  E.  A.  Meams  were  also  important,  being  largely  fmm  type  localitJes 
along  the  Kiflrimee  River  anil  elsewhere  in  Florida,  and  <!oniprised  600 
birds  and  300  ntamniale,  besides  birds'  egg6  and  reptilee,  and  also  a  fine 
series  of  the  skulls  aad  ekeletone  of  the  soft-shelled  turtle,  Ptat^ptltit  tfnnifer. 
He  also  contribated  a  series  of  the  mammab  occurring  in  Rhode  Island. 

Six  important  Iota  of  marine  inveHebiatee  were  transferred  to  the  Moaenm 
by  the  United  States  Fish  Comuiisaion,  namely:  the  OphiuranH  of  the 
AgafleiE-.4{6a(roM  cruise  of  1891  to  the  Galapagos  Islands  and  the  west 
coast  of  Central  America;  the  Japanese  crustaceans  collected  by  the  Alha- 
trot*  in  1900;  the  corals  obtained  during  the  South  Sea  Expedition  of  the 
same  veasel  in  1899-1900;  a  collection  of  crayflshea  from  West  Virgmia; 
the  crustaceans  and  echinoderms  obtained  by  the  Princeton  University 
Arctic  Expedition  of  1899,  and  the  corals  gathered  in  Porto  Kican  waters 
by  the  steamer  Fi»h  Hawk  in  1699.  The  Fish  Commission  has  also  depos- 
ited in  the  Museum  the  types  of  the  new  species  of  fishes  collected  on  this 
latter  expedition. 

A  \'aluable  series  of  types  of  Hawaiian  fishes  collect«d  by  Dr.  O.  P.  Jen- 
kins, of  the  Leland  Stanford  Junior  University,  and  Mr.  T.  I.  Wood,  has 
been  contributed  by  the  former,  while  the  univeruty  presented  an  inter- 
esting collection  of  Japanese  fishes. 

Oriental  shells,  l^presenting  about  500  species  and  regarded  as  the  most 
interesting  addition  to  the  Division  of  Mollusks,  were  received  from  Dr. 
W.  Eastlakc,  of  Tokyo,  Japan.  A  collection  of  the  hIicIIh  of  Haiti  and 
Jamiuca,  embracing  over  200  species,  was  gathered  by  Mr.  J.  B.  Hender- 
son, jr.,  of  Washington,  District  of  Columbia,  and  Mr.  Charles  T.  Simpson, 
of  the  National  Mnsenm,  Mr.  Henderson  generously  paying  the  expenses 
of  the  trip.  Some  Naiades  from  Central  and  South  America  were  received 
from  Dr.  H,  von  Ihering,  of  Sao  Paulo,  Brazil,  and  are  of  sjiecial  value  as 
supplying  many  deficiencies  in  the  Museum  colli  clions. 

The  Museum  has  been  fortunate  in  acquiring  the  private  collection  of 
Mr.  Robert  Ridgway,  curator  of  tlie  Division  of  Birds,  representing  about 
1,100  species  of  North  and  Central  American  birdf,  many  of  them  in  the 
first  plumages,  and  all  in  an  exceedingly  fine  state  of  preservation.  A  rei>- 
reaentative  series  of  56  birds  from  Singapore  has  l)een  donated  by  Mr. 
C.  B.  KioBS,  and  an  excellent  collection  of  the  nest  and  eggs  of  Philippine 
birds,  accompanied  in  many  instances  by  specimens  of  the  birds  them- 
selves, has  been  pret<ented  by  Capt.  H.  C.  Benson,  U.  S.  A.  Four  Birds 
of  I*aradise,  including  the  rare  Fleridophira  aUtrrli,  a  H|ie<neH  with  extraoi^ 
Jinary  plumes,  were  also  aecureii.  Dr.  W,  U  Ralph  has  added  to  his 
many  acts  of  generosity  by  donating  rare  birds'  ^gs,  including  S|>eeimens 
of  the  eggs  of  the  Evergla<le  Kite  and  Henslow's  Sparrow. 

The  Division  of  Insects  receive<l  several  important  accessions,  the  most 
noteworthy  of  which  includes  more  than  15,000  Bi>ecimens  of  European 
lepidopt«ra,  a  collection  which  was  once  the  property  of  the  late  Dr.  O. 
Hofmann. 

The  National  Herbarium  has  been  enriched  by  the  acquisition  of  the 
collection  of  lichens  belonging  to  tiie  late  Henry  H.  Willey,  of  New  Bed- 
ford, Massachusetts,  a  well-known  specialist  in  this  grouj)  of  jilants;  also 
of  collections  of  917  plants  from  (ieorgio,  BIT  from  Missouri,  800  from 
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Florida,  ani)  S13  Iruin  MisiHsippi  and  Florida.  Messrs.  William  Palmer 
and  J.  H.  Ril«y,  of  the  National  Museum,  )^tlier«d  more  than  300  plants 
in  Cuba,  while  Messrs.  C.  L.  Pollard  and  W.  R.  Maxon,  attached  to  the 
botanical  staff  of  the  Museum,  secured  at  least  1,600  specimens  in  Ala- 
bama, Geor^,  and  Tenneeeee. 

All  the  divisions  in  the  Department  of  Geology  have  received  important 
additions,  the  Geological  Survey,  as  in  past  years,  being  one  of  tbe  princi- 
pal contributors.  Among  the  material  transmitted  by  the  Survey  was  a 
type  series  of  386  specimens  of  asphalt  and  associated  rocks,  wllected  in 
various  parts  of  the  United  Slates  by  Mr.  G.  H.  Eldridge,  as  well  as  some 
rocks  and  ores  from  the  Ten  Mile  IMstrict,  and  Silvertnn,  Pikefl  Peak,  and 
Cripple  Greek  quadranglcfl,  Colorado. 

From  the  Geological  Survey  the  following  valuable  collec^ons  of  foasils 
have  also  been  received:  Three  hundred  and  seventy-five  specimens  of 
pre-Cnmbrian  invertebrate  fossils,  including  species  figured  and  described 
by  the  Directorof  the  Survey,  Dr.  Charles  D.  Waicott,  in  the  Bulletin  of  the 
Geological  Society  of  America;  a  collection  of  2,370  specimens  from  the 
Cambrian,  consisting  mainly  of  brachiopods;  2,425  Ordovician  fossils  from 
southern  Nevada  and  near  El  Paso,  Texas,  and  114  Silurian  and  1,650  Devo- 
nian specimens  from  the  Helderberg  sjid  Qriskany  beds  of  Indian  Terri- 
tory and  the  higher  Devonian  of  Colorado  and  New  Mexico.  A  portion 
of  the  material  last  menUone<l  was  described  by  Dr.  George  H.  Girty  in 
the  Nineteenth  Annual  Report  of  the  Survey.  Mention  should  also  be 
made  of  the  receipt  ol  large  collections  of  Cambrian  fossils  from  Russia, 
Norway,  Sweden,  Nova  Scotia,  and  Newfoundland,  ohtwned  for  the 
Mnseam  by  Dr.  Waicott  and  his  assistants,  Mr.  M.  Schmalensee  and  Mr. 
S.  Ward  Loper.  Mr.  Schuchert,  of  the  National  Museum,  made  extensive 
collecUons  ol  Carboniferous,  Silurian,  and  Devonian  foHxils  in  New  Bruns- 
wick, the  Gasp€  region  in  Quebec,  weslem  New  York,  Maryland,  and 
eastern  Pennsylvaiiia. 

An  excellent  collection  of  ceplialopod  mollusks  was  acquired  during  the 
year,  and  a  remarkably  fine  slab  of  crinoid,  (Hntncrinue  eorMdie,  from  tlie 
Upper  Cretaceous  of  Logan  County,  Kansas,  was  presenleil  by  Mr.  Frank 
Springer,  ol  Las  Vegas,  New  Mexico.  There  was  also  secured  the  Randall 
collection  containing  upward  of  3,600  Bpe4:imen8  of  Upper  Devonian  and 
Lower  Carboniferous  fossils.  A  fairly  t^mplete  skeleton  of  an  adult  female 
mastodon  "was  excavated  in  Michigan  for  the  Museum.  The  skull  of  an 
£tolAmuni  an<l  other  vertebrate  loaiils  from  tbe  Bad  I.:an(lH  of  Dakota 
were  presented  by  Dr.  J.  R.  Walker,  of  the  Pine  Ridge  Ageni^y.  A  neArly 
complete,  though  composite,  skeleton  of  the  New  Zealaii<l  Eiiieiu  cninKtui 
was  purchased,  and  a  series  of  Moa  Itones  was  acquired  by  exchange  from 
F.  W.  Hutton,  of  New  Zealand. 

Several  valuable  lote  of  fosnil  plants  were  receivetl  in  exchange.  Thus, 
the  University  of  Kansas  transmitted  1.50  Carboniteroua  and  Permian  fossil 
plants;  173  plants  from  the  Middle  and  Upper  Miocene  and  the  Upper 
Pliocene  of  Germany  were  receive<i  from  the  Natural  Science  Society  of 
the  Museum  Senckenberg  in  Frankfort,  and  a  small  serleH  of  fossil  plants 
from  the  Triassic  o(  York  County,  Pennsylvania,  Mas  transmitted  by 
Prof.  A.  Wanner,  of  York,  Pennsylvania. 
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The  meteorite  collecljon  lias  been  increased  by  purchase  and  through 
exchange  more  than  in  any  previous  year.    One  of  the  moet  important 
accessions  was  a  etony  meteorite  weighing  2,0(9  Kr>uns,  whicli  fell  at  Felix,  ' 
AUbaina.  in  May,  1900.'    It  was  collected  by  Mr.  J.  W.  Coleman  and  trane- 
mitted  to  the  Museum  by  Mr.  R.  D.  Sturtevant,  of  Augustine,  Alabama. 

ImporlAnt  donations  of  minerals  were  as  followx: 

A  quantity  of  Georgia  corundum  in  matees  and  crystals,  by  the  Inter- 
national Emery  Company,  of  Chester,  Massachusetts;  a  series  of  line  ores 
and  associated  minerals  from  Missouri,  by  Mr.  F.  W.  Crosby;  large  speci- 
mens of  mohawktte  and  domeykite,  with  native  silver,  from  tbe  Wolverine 
copper  mine,  Houghton  County,  Michigan,  by  Mr.  Fred  Smith;  6  nuggets 
of  platinum  from  Trinity  County,  California,  by  the  Welsbach  Company, 
through  its  president,  Mr.  W.  E.  Barrows;  a  fine  large  nodnle  of  priceite, 
by  Mr.  W.  C.  Lake,  of  Harbor,  Oregon,  and  12  specimens  of  turquoise  and 
2  of  opal,  by  Mr.  H.  P.  Petersen,  of  Washington,  District  of  Columbia. 
Among  other  additions  was  a  series  of  specimens  of  native  silver  and  cop- 
per from  Houghton  County,  Michigan,  and  3  samples  of  beach  gold  from 
Cape  Nome,  Alaska. 

Expioraiion. — Some  of  tbe  most  important  accessions  of  the  year  were 
the  results  of  eiplorations  corriert  on  by  members  of  the  Museum  staff 
and  by  other  scientific  bureaus  of  the  Government  Mention  has  already 
been  made  of  several  collections  secured  in  this  manner. 

Mr.  W.  H.  Holmes,  head  curator  of  Anthropology,  accompanied  by  Dr. 
W.  A.  Phillips,  of  the  Field  Columbian  Museum,  examined  the  extonsive 
flint  quarries  in  the  vicinity  of  Mill  Creek,  Union  County,  Illinois,  where 
he  oblaine<l  a  large  number  of  implements  and  quarry  rejects.  In  June, 
1901,  Dr.  Walter  Hough  began  investigations  in  the  Pueblo  country  in 
conjunction  with  Mr.  Peter  G.  Gat«s.  of  Pasadena,  California,  intending 
to  continue  the  work  during  the  entire  summer,  chiefly  at  the  expense  of 
Mr.  Gates,  the  collections  to  be  divide<l  between  him  and  tlie  National 
Museum.  The  collections  made  by  Prof.  J.  B.  St«ere,  of  Ann  Ariwr, 
Michigan,  on  the  Upper  Purus  River,  in  Brazil;  by  Mr.  William  A.  Cook, 
near  the  headwaters  of  the  Paraguay  River,  and  by  Lieut.  G.  T.  Kmmons, 
V.  S.  N.,  in  British  Columbia  and  Alaska,  have  already  been  referred  to. 
The  expeditions  to  the  Philippines  by  Col.  F.  F.  Hilder,  and  to  Sonora, 
Mexico,  by  Mr.  W  J  Mctiee.  both  of  the  Bureau  of  American  Ethnology, 
for  the  Government  boant  of  the  Pan-American  Exposition,  resulted  very 
successfully,  and  the  material  obtained  will,  Itix  understood,  be  transferred 
to  the  Museum  at  the  close  of  the  exposition. 

Dr.  Roland  Steiner  continued  his  explorations  of  quarries,  workshops, 
and  village  sites  near  Grovetown,  Georgia,  and  at  the  mouth  of  Shoulder- 
bone  Creek  and  on  Little  Kiukoe  River,  where  he  procured  many  thou- 
sands of  specimens,  all  of  which  have  been  deposited  in  the  Museum. 

During  a  stay  of  four  months  in  Florida,  Dr.  E.  A.  Meams,  U.  S.  A., 
gave  his  attention  to  the  collecting  of  birds  and  mammals  for  the  Museum. 
Mammals  were  also  collected  in  Italy,  Sicily,  and  southern  Fronce  by  Mr. 
Dane  Coolidge,  and  in  the  vicinity  of  Peterboro,  New  York,  by  Mr.  Gerrit 
S.  Miller,  jr.  Mr.  W.  H.  Ashmead  was  delailol  in  the  spring  of  1901  to 
obtain  entomological  material  in  the  Hawaiian  Islands,  in  conjunction  with 
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an  exjieUition  sent  there  by  the  U.  S.  Fish  Commiseion,  and  Dr.  J.  E. 
-  Benedict  accompanied  the  Fish  Commiseion  Bteamer  Fitti  Hawk  during  an 
exploration  of  tlie  fishing  banks  in  the  Gulf  of  Mexico  opposite  Anclote 
River,  Florida.  Mr.  J.  B.  Henderson,  jr.,  of  Waahin^on,  who  hae  on 
many  former  occaeions  manifested  his  interetit  in  the  Museum,  made  at 
hie  own  expense  a  collecting  trip  to  Haiti  and  Jamaica,  taking  with  him 
Mr.  C.  T.  Simpeon,  of  the  Division  of  MoituBke.  Much  valuable  mollus- 
can  material  was  obtained. 

MesBTB.  Barton  A,  Bean  and  William  H.  King  collected  Gehea  at  Key 
West,  Fla.  The  explorations  in  Cuba  tor  the  Pan-Americau  Exposition, 
b«^n  in  1900  by  Meesrs.  Palmer  and  Riley,  also  of  the  Museum  staff, 
were  completed  early  in  the  year.  Botanical  explomtiona  with  interest- 
ing resulls  were  conducted  in  the  ^uthem  States  by  Messrs.  C.  L.  Pollard 
and  W.  R.  Maxon. 

Important  acctesiona  through  explorations  by  the  Geological  Survey 
bavc  already  been  alluded  to.  Mr.  F.  A.  Lucas,  of  the  Museum,  and  Mr. 
Alban  Stewart  visited  several  localities  where  mastodon  bones  bad  been 
reported,  with  the  object  of  securing  a  skeleton  for  the  Pan-American 
Exposition.  Only  a  single  fairly  preserved  one  was  obtained,  however,  in 
a  locality  in  southern  Michigan.  Mr.  Charles  Schuchert  spent  consider- 
able timecollectingfoxsils  in  Canada,  also  in  the  vicinity  of  Buffalo,  N.  Y.,in 
Maryland,  and  in  eastern  PenneyUiuiia,  the  object  of  his  inquiries  being 
to  secure  data  for  fixing  more  definitely  the  line  separating  the  Silurian 
and  Devonian  syslems  in  America. 

Exchangtu. — Much  material  had  been  received  through  the  exchange  of 
duplicate  S{)ecimenB  with  scientific  establishments  and  individuals  both  at 
home  and  abroad.  In  view  of  tl)e  small  amount  of  money  available  for 
purchase*,  this  method  of  obtaining  collections  has  become  of  condderable 
importance,  especially  with  reference  to  foreign  countries,  from  which 
gratnitous  contributions  are  rarely  to  be  expected  and  to  which  the  scien- 
tific explorations  of  this  Government  seldom  extend.  Transactions  of  this 
character  were  conducted  tlirough  the  year  with  the  following  institutions 
and  individuals  abroad: 

Royal  Botanic  Gardens,  Kew,  England ;  Museum  of  Natural  History, 
Paris,  France;  Mns^e  de  St.  Germain,  Seine-et-Oise,  France;  Zoological 
Museum,  Copenhagen,  Denmark;  Museum  Senckenberg,  Frankfort-on- 
the-Main,  Germany;  Royal  Zoological  and  Anthropological-Ethn<^raph- 
ical  Museum,  Dresden,  Germany;  Geolo^cal  Institute  of  Kiel,  Germany; 
Museum  of  Natural  History,  Berlin,  Germany;  Zoological  Museum  of  the 
Univereity  of  ITpsala,  Upsala,  Sweden;  Museum  of  the  Imperial  Academy 
of  Sciences,  St.  Petersburg,  Russia;  Itoyal  Geological  Museum,  Leiden, 
Holland;  Royal  Zoological  Museum,  Turin,  Italy;  Royal  Itotanic Gardens, 
Sibpur,  India;  Australian  Museum,  Sydney,  New  South  Wales;  Canterbury 
Museum,  Cliristchurch,  New  Zealand;  National  Museum,  Montevideo, 
Uruguay;  Museu  Paulista,  Sao  Paulo,  Brazil;  National  Museum,  Mexico, 
Mexico;  Geological  Institute,  Mexico,  Mexico;  and  with  Mr.  B.  W.  Priest, 
Keepham,  England;  Mr.  W.  Kirkaldy.  Wimbledon,  England;  Prof.  Henry 
Balfour,  Pitt  Rivers  Museum,  Oxford,  England;  Mr.  Edward  Ixivelt,  Croy- 
don, England;  Mr.  C.  T.  Druery,  London,  England;  Prof.  M.  Gandoger, 
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Anau  (Rhone),  Villefranche,  France;  Mr.  E.  Andre,  Gray  (Hftate-Saone), 
France;  Dr.  Kranti,  Bonn,  Germany;  Dr.  E.  ^hellwien,  Provinzial 
MuBeuin,  Konigaben;,  Pniseia;  Dr.  Fred.  Berwerth,  Vienna,  Austria;  Mr. 
Carl  Wohlgeniulh,  Bown,  Tyrol,  Austria;  Prof.  W.  C.  Bro^^r.  Univei^ 
aity  of  Chriatiania,  Christianis,  Norway;  Mr.  G.  van  Roon,  BoUerdRin, 
Holland;  Mr.  Paul  Narbel,  Conr,  Lausanne,  SwitEerland;  Dr.  I.  Comabella, 
Barcelona,  Spain;  Mr.  W.  R.  Billings,  Ottawa,  Canada. 

fntlalliuion. — The  crowdwi  condition  of  the  two  buildings  occupied  by 
thu  National  Miiaeunt  prevenl«  any  extensive  advan<-ea  in  connet'tion  with 
pilher  the  exhibition  or  the  working  cullection  of  speclinenfl.  Improve- 
ments are  conslBntly  being  nisde  in  methods  of  installalion,  in  labeling, 
anil  in  the  substitution  of  a  better  quality  of  specimenB  in  the  display  cases 
whenever  such  are  received,  but  the  growtli  of  the  Museum  in  directions 
apparent  to  the  public  and  the  specialist  has  come  practically  to  a  stand- 
Btill.     There  is  room  left  only  for  storage. 

One  of  the  galleries  aliotteil  lo  the  Department  of  Anthropology  for 
exhibition  purposes  has  of  necessity  been  cut  off  from  the  public  and 
made  into  a  temporary  laboratory.  C-onaiderable  progress  has  been  made 
ill  this  department  in  the  preparation  of  case  lal>els.  Some  changes  have 
lieen  made  in  the  section  of  Biblical  Antiquities.  The  collections  in  the 
section  of  American  history  and  certain  enhibite  in  the  division  of  Pre- 
historic Archieology  have  been  largely  rearrange<l. 

The  South  East  Range,  ai«igned  to  the  exhibition  of  reptiles,  amphibians, 
and  fishes,  has  been  entirely  renovatol,  a  terrazio  floor  having  been  laid 
and  the  walls  and  ceiling  appropriately  ptutited.  The  installation,  how- 
ever, is  not  yet  completed.  Casts  of  fishes  now  occupy  upright  cases  along 
the  west  wall,  while  Ibe  reptiles  and  amphibians  are  shown  in  a  series  of 
floor  cases  with  sloping  tops.  Some  South  American  and  Old  World  species 
in  alcohol  will  shortly  be  added.  A  small  series  of  <liiep-Bea  fishes,  supple- 
mented by  colored  figures,  has  been  place<l  on  exhibition.  The  exhibit 
of  game  binis  in  the  entrance  hall  of  the  Smithsonian  building  is  l>eing 
entirely  reconstructed,  so  as  to  illustrate,  in  groups,  the  parent  and  young 
birds  in  an  environment  characteristic  of  their  haunts.  At  the  close  of 
the  year  four  such  groups  had  been  finished.  Owing  to  the  imperfect 
condition  of  the  cases  in  which  the  large  regular  tteries  of  hinis  is  inslalle<l, 
it  has  been  necessary  to  employ  a  taiiilermist  continuously  in  overhauling 
the  collection,  in  onler  to  preserve  the  specimens  from  <leterioration.  These 
cases,  which  have  been  in  use  for  about  twenty-five  years,  are  now  neither 
dust  nor  insect  proof. 

Perhaps  the  most  important,  or  at  least  a  most  interesting  work  of  instal- 
lation completed  during  the  year,  is  the  Children's  Room,  mentioned  on  a 
previous  page. 

New  labels  have  t>ccn  prepared  for  the  American  mammals  occupyiiifi 
the  large  wall-case  on  the  east  side  of  the  South  Hall,  and  a  series  of 
enlarged  moilel:',  representing  the  structure  of  fefilheri',  has  been  added  lo 
the  collection  in  the  Division  o(  Comparative  Anatomy, 

The  display  collections  of  the  Department  of  Geology  were  never  in  a 
more  satisfactory  condition  than  at  present,  and,  except  in  the  Sections  of 
Paleobotany  and  Vertebrate  Paleontology,  they  are  well  arranged  and 
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labeled.  There  ie  on  hand,  however,  a  very  large  amonnt  o(  original 
material,  as  represented  in  the  Marah  collection  of  fossil  vertebrates  and 
the  Lacoe  collection  of  foeml  plants,  whi(;h  requirea  time  for  its  prepara- 
tion, but  from  which  the  exhibition  halla  will  nllimately  -receive  some  of 
th^r  moBt  novel  and  interesting  features. 

PubHcailons. — The  publications  issaed  during  the  year  comprise  the 
second  volume  of  the  ^i"""'  Report  of  the  Museum  for  1^7,  the  Annual 
Reports  tor  18fl&  and  1899,  Volume  22  of  the  Proceedings,  and  Part  1  of 
Special  Bulletin  No.  4,  besides  a  large  number  of  papers  from  the  Reports 
and  Proceedings  printed  in  separate  form. 

VolnmBlIof  the  Report  for  18«7  contains  abiogiaphical  account  of  Dr. 
G.  Brown  Goode,  the  late  Assistant  Secretary  of  the  Smithsonian  Insti- 
tution in  charge  of  the  National  Museum,  together  K-ith  reprints  of  several 
of  his  more  important  papers  on  museums  and  on  the  history  of  scientific 
progress  in  America,  and  is  illustrated  with  portraits  of  morethan  100  men 
who  have  been  prominent  in  the  scientific  advancement  of  the  country. 
The  Appendix  to  the  Report  for  18fl8  consists  of  a  single  paper  by  the  lata 
Prof.  E.  D.  Cope  on  the  crocoditians,  lizards,  and  snakes  of  North  Amer- 
ica, comprising  1,100  pages  of  text,  with  37  full-p^e  plates  and  347  test 
figures.  The  Report  for  1899  contains  five  scientific  papers  based  upon 
collections  in  the  Museum. 

Volume  22  of  the  Procee<.ling8  includes  papers  numbered  from  U79  to 
1205,  the  Synopsis  of  the  Naiades,  by  Mr.  Charles  T.  Simpson,  being  espe- 
cially worthy  of  note. 

Part  1  of  Special  Bulletin  No.  4  is  the  first  of  a  series  of  papers  on  the 
American  Hydroids,  by  Mr.  C.  C.  Nutting,  professor  of  zoolt^y  in  the 
Univereity  of  Iowa,  and  was  issued  early  in  the  fell.  It  treats  of  the  Pln- 
mularid«e,  is  in  quarto  form,  and  contains  34  platee. 

Dr.  W.  L.  Ralph  has  undertaken  to  continue  the  extensive  work  on  the 
Life  Histories  of  North  American  Birds,  l>egun  some  years  ago  by  the  late 
Maj.  Charles  K.  Bendire,  U.  >S.  A.,  and  of  which  two  volumes  have  been 
printed  as  Special  Bulletias  Noe.  1  and  3,  and  a  circular  (No.  50)  soliciting 
new  and  unpublished  information  on  the  subject  has  been  prepared  and 
distributed  to  correspontlents. 

Pan-Ameritxin  Expoeition.r-Pil  this  eiposition,  which  opened  at  Buffalo 
on  May  I,  and  will  continue  until  the  1st  of  November,  the  three  scien- 
tific departments  of  the  Museum  are  represented  by  carefully  prepared 
collections. 

The  exhibit  in  anthropology  is  intended  to  illustrate  the  native  peoples 
of  America  from  North  Greenland  to  Terra  del  Fu^;o.  It  consists  pri- 
marily of  twelve  groaps  of  lay  figures,  each  showing  the  several  membera  of 
the  family  of  a  representative  tribe  engaged  in  some  characteristic  pursuit, 
and  so  arranged  that  in  pacing  from  one  to  the  other  the  visitor  may  fomi 
an  intelligent  idea  of  the  appearance,  condition,  and  culture  of  the  original 
inhabitants  of  the  continent.  There  are  also  thirteen  models  illustrating 
various  types  of  dwellings  from  the  tar  North  to  the  extreme  South,  and 
thirteen  series  illustrating  those  activities thatseem  best  calculated  to  con- 
vey an  idea  of  the  culture  status  of  the  races. 

The  exhibit  mode  by  the  Department  of  Biology  is  limited  to  American 
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vertebrates, and  incUidexanumtieruE  large charactemtic American anitnalB, 
such  as  the  Kodiak  bear,  |(1*<"'^''  l>ear,  Alaskan  m<m»ie  w  hiie  thuep,  miiek 
ox,  West  lodian  seal,  tlie  i-ondor,  lialil  eagie  Ihhi  conntnitor  allit{«t»r, 
Galapagos  turtle,  vaniHis  large  fiiiha<,  etr.  Manj  of  the  specimeiiH  were 
obtained  especially  for  tbiNpurpone,  andallareexeeptionall^  uell  |irepare<l. 

The  Department  of  4ieolo^y  is  repreeenteil  h\  a  R\Ht«tiiatK  <-oIlectlon  of 
minerals,  comprising  735  specimens;  cullections  illgjiiiretinji  ra\e  deposits, 
concretionary  structures,  hot  Hi)rjn>n'  and  (leyser  deposits  sdu  ifled  wooiIm, 
and  the  rocks  and  soils  of  the  Hawaiian  Iflandc  a  small  casf  of  native 
elements;  a  collertion  of  450  spei'imens  iUustralint:  the  de\el  ipment  ami 
cla«iflcation  of  the  ivphalopod  mollusks,  and  n  stnoplic  eolleflion  of  cri- 
noids,  including  about  800  specimens;  a  inoutiitnl  skeleton  of  the  tfif^ntii- 
toothed  diver,  HftprrormM  regnlit,  from  the  Creta<fH)nB  of  Kansas;  a  life- 
fflze  restoration  of  theskeleton  of  the  Cretaceous  reptile,  TYirvratoiir prormu, 
from  the  Cretaceous  ot  WyominR,  and  a  lif«^size  restoration  of  Zmglodoii 
from  the  Tertiary  of  Alabama.  In  aililitien  there  are  two  caws  of  lionee 
of  the  mammoth  from  Indian  Territory  and  Missouri. 

lAhrary. — The  additions  to  the  library  cluring  the  year  numbered  1,038 
books,  2,261  pamphlets,  an<t  8,968  parts  of  periodicals. 

Respectfully  submitted. 

KiciiARb  HATimrs', 


SecTtlary,  SmithKmiu 
August  1,  1901, 
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HEPORT  OF  THE  BUREAU  OF  AMERICAN  ETHNOLOGY. 

Sir;  I  have  the  honor  to  ask  attention  to  the  following  report  of  opera- 
tiona  in  the  Biireaa  of  American  Ethnology  during  the  fiscal  year  ending 
June  30,  1901. 

These  operations  were  conducted  in  accordance  with  the  act  of  Congress 
making  provision  "for  continuing  researches  relating  to  the  American 
Indians  under  the  direction  of  the  Smithsonian  Institution,"  approved 
June  6,  1900,  and  with  the  formal  plan  submitted  on  June  9,  1900,  and 
approved  by  the  Secretary  on  June  iS,  1900. 

The  field  operations  of  the  r^ilar  corps  extended  into  Arizona,  Lower 
California  (Mexico),  British  Cohuubia,  California,  Maine,  New  Mexico, 
New  York,  North  Carolina,  Ontario,  Sonora  (Mexico),  Virginia,  and  Wis- 
consin; while  special  work  has  been  carried  forward  by  agents  or  tempo- 
rary collaboratora  in  several  additional  States,  Territories,  and  provinces. 
The  office  work  has  comprised  the  collection  and  preparation  of  material 
from  most  of  the  States  and  Territories,  as  well  as  from  various  other 
parts  of  the  American  hemisphere. 

The  researches  have  been  carried  forward  in  accordance  with  an  ethnic 
system  based  chiefly  on  the  work  of  the  Bureau,  though  partly  on  the 
observations  and  determinations  of  other  scientific  investigators  in  this 
and  other  countries. 

The  ethnic  system  developed  and  adopted  in  the  Bureau  ia  based  pri- 
marily on  the  human  activities — i.  e.,  on  what  men  do  and  think — rather 
than  on  mere  physical  features.  Proceeding  on  this  basis,  the  habits  and 
customs  of  the  aborigines  receive  first  attention;  and  the  tribesmen  ore 
classed  by  their  languages  and  iliale<'ts,  by  their  forms  of  social  organiza- 
tion, by  Uieir  systems  of  belief  and  opinion,  by  their  arte  and  industries; 
BO  that  the  clasBification  affords  a  means  of  measuring  the  susceptibility  of 
the  various  trit)es  to  d  /ilization,  to  eilucation,  and  to  arrangement  on  res- 
ervations in  harmonious  groups.  The  classification  is  thus  essentially 
practical. 

The  practical  tribal  clanaificalion  rests  on  a  definition  of  the  activities 
discovered  among  the  aborigines  and  other  {)eople8  largely  during  the  past 
quarter  century.  The  primary  activitiefl  thus  diiwovered  are  esthetic;  and 
intimately  connected  with  thene  are  the  induHtrial  activities  involved  in 
maintenance  and  welfare.  Equally  important  are  the  six-ial  activities 
shaping  the  collective  existence  of  facniiicK,  cliins,  tribes,  and  confedera- 
des;  and  the  relations  are  regiilateil  by  linguistic  activities,  which  are 
highly  important  and  indeed  fundamental.  Coordinate  with  these  activi- 
SM  lyOl 5  85 
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tiee  of  arte  and  induetrim,  IftWB  &Dd  languag«e,  are  the  activitiee  ronnected 
with  opioion,  belief,  philo§ophy — i.  e.,  the  Bophic  activities.  On  weighing 
all  the  factora  it  has  been  found  that  the  most  convenient  ctasaification  of 
tribes  is  that  baaed  prim&rily  on  language,  ae  explained  in  previoue  reports; 
and  this  mode  of  defining  the  Indian  tribee,  firet  proposed  by  Gallatin  and 
adopted  by  the  Bureftu  on  its  institution,  has  now  coue  into  general  use. 


Throughout  the  first  quarter  of  tlie  year  the  Director  was  in  Mtune, 
reviewing  observations  on  shell  mounds  and  village  sites  in  connection 
with  the  researches  in  classification  noted  in  other  para^raphe;  and  the 
work  was  resumed  early  in  June.  Limited  collections  were  made,  though 
the  observations  anil  notes  on  tlie  numerous  survivors  of  the  Abnaki  Indians 
proved  of  much  interest  and  value. 

An  extended  exploratory  trip  was  wade  during  the  autumn  of  1900  by 
Mr.  McGee.  Early  in  October  he  proceeded  to  the  field  (or  the  purpone 
of  completing  researches  reladng  to  the  aborigines  of  the  .Serian  stock  and 
at  the  same  time  carrying  forward  studies  of  neighboring  tribes.  A  party 
was  organized  at  Phoenix,  Aris.,  and  moved  southwestward  to  Gila  Bend 
and  thence  southward  to  the  international  frontier  at  Santo  Domingo. 
Here  the  outfit  was  admitted  to  Mexican  territory  through  the  courtesy 
of  Sedor  Don  Fernando  Leal,  at  the  obliging  instance  of  Seflor  Don  Manuel 
de  Aspiroz,  the  amtiassador  from  Mexico  to  the  United  States.  In  this 
vicinity  are  several  settlements  of  Papt^  Indians,  including  some  of  the 
AreneHos  of  early  literature  and  local  tradition,  and  the  opportunities  for 
study  were  seized.  From  Santo  Domingo  the  party  procee<leil  southward 
h)  Caborca  and  thence  westward  to  the  coast  of  (iulf  of  California,  where 
the  Tepoka  Indians  (colHnguals  of  the  Seri)  were  reported  to  live  so  late 
as  1894,  subsisting  on  sea  food  and  finding  potable  water  in  the  lagoons 
and  sand  beds  at  the  embouchure  of  the  sand  wash  variously  called  Mag- 
datena,  Santa  Ana,  Altar,  Asuncion,  and  San  Ignacio.  On  reaching  the 
coast  the  leader  was  disBppointe<l  to  find  the  tribal  remnant  entirely  gone — 
probably  tlirough  extinction,  possibly  through  migration  down  the  coast 
to  Seriland.  Traces  of  the  Tepoka  habitations  still  remained,  together 
with  shell  accumulations  and  minor  relies,  corroliorating  the  reports  con- 
cerning the  tribe  current  at  Caborca  in  1894;  and  the  visit  served  also  to 
clear  up  doubtful  points  connected  with  the  geography  and  history  of  the 
region.  Failing  thus  to  att^n  the  primary  object  of  the  expedition,  Mr. 
McGee  determined  to  visit  the  territory  of  the  little-known  Cocopa  Indians, 
reputed  to  live  about  the  head  of  the  guli,  and  to  this  end  endeavored  to 
follow  the  coast  northward  to  the  mouth  of  the  Colorado.  Finding  tliis 
entirely  impracticable,  he  returned  by  a  new  route  to  Sanio  Domingo, 
collecting  useful  data  concerning  the  Papago  Indians  on  the  way;  and 
from  Santo  Domingo  he  proceeded  west-northwestward  over  the  old  Yuma 
trail  (including  a  stretch  of  90  miles  now  without  water)  to  Yuma,  and 
thence  southward  to  the  Cocopa  country.  Herevahiable  collections,  notes, 
and  photographs  wtre  obtained;  and  after  some  weeks  the  party  returned 
via  Yuma  and  the  Gila  and  Salaito  valleys  to  Phoenix,  clisbanding  there 
on  December  20.    The  party  comprised  Mr.  W  J  McGee,  ethnologist  in 
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charfte,  as  leader;  Mr.  DelAncey  Oill,  artist;  Prof.  R.  H,  Forhe«,  of  the 
Territorial  Univeraity  of  ArizoDa  (during  part  of  the  trip);  Setlor  Aurelio 
Mats,  a  Mexican  customs  officer  sent  from  the  custom- house  at  Nogales  to 
facilitate  the  croeeing  at  the  iDtemational  boundary;  John  J.  Carroll,  of 
Tern pe, teamster;  Jim  Moberly,  of  Tempe,  packer;  Hugh  Norria.ofTucson, 
Papago  interpreter,  and  Ramon  Zapeda,  of  Tucson,  Mexican  interpreter. 
The  Bureau  waa  placed  under  great  obligations  for  free  entry  of  the  outfit 
to  the  Government  of  the  neighboring  Republic  through  the  officials 
already  named,  as  well  as  through  Seilor  Don  Edaardo  J.  Andiade,  of 
Yuma,  custodian  of  the  Andrade  gmnt,  covering  the  territory  occupied  by 
the  Cocopa  Indians. 

On  August  11  Mr.  James  Mooney  proceeded  to  the  old  Cherokee  coun- 
try in  western  North  Carolina  and  adjacent  territory  for  the  purpose  of 
collectingadditional  data  required  for  the  completion  of  hie  series  of  papers 
OD  the  Cherokee  Indians,  and  his  field  operations  continued  with  euccese 
unUI  early  December.  On  April  25  he  made  a  reconnoissance  trip  through 
eastern  North  Carolina  and  Virginia  for  the  purpose  of  locating  remuants 
of  aboriginal  tribes  still  surviving  in  the  wooded  and  neariy  inaccessible 
districts  of  that  r^on;  he  revisited  the  Pamunkey  tribe  and  discovered 
considerable  remnants  of  the  Chickahominy,  Mattaponi,  and  Nansemond 

On  his  appointment  as  aasistaut  ethnologist  (September  1),  Mr.  John  R. 
Swanton  proceeded  to  British  Columbia  to  undertake  researches  among 
several  uorth  western  tribes.  His  work  proceeded  eucceesfully  up  to  the  end 
of  the  fiscal  year,  when  he  was  still  in  the  field. 

On  October  1  Mr.  J.  N.  B.  Hewitt  repaired  to  the  region  occupied  by  the 
survivora  of  the  Iroquoian  tribes  in  northwestern  New  York  and  neighbor- 
ing portions  of  Canada,  where  he  began  the  collection  and  verification  of 
traditions  and  coemogonic  legends,  and  his  work  continued  until  about  the 
middle  of  February,  when  he  returned  to  the  office  with  valuable  collec- 
tions and  records. 

On  April  15  Dr.  Frank  Rui»ell  was  appointed  as  ethnologist  and  was 
assigned  to  duty  in  Arizona;  he  immediately  proceeded  to  the  field  and 
bc^an  an  extended  reconnoisaance  of  the  southern  and  central  portions  of 
the  Territory.  Outfitting  with  a  team  at  Tucson,  he  passed  around  the 
northern  end  of  Santa  Catalina  Mountains  and  up  San  Pedro  River  (visit- 
ing the  caves  and  pictographs'  of  the  Santa  Catalina  range  and  the  cliff 
houses  of  the  Galiuro  range  on  the  way)  to  NugentsPase,  where  he  entered 
Aravaipa  Valley.  Here  he  found  an  interesting  group  of  cliff  houses. 
Thence  he  proceeded,  by  way  of  Eagle  Pass,  to  Gila  Valley,  where  inter- 
eating  archeologic  observations  were  made.  Poshing  on  southward  he 
traversed  the  eastern  slopes  of  Chiri(«hua  Mountains  and  the  western 
slopes  of  Swisshelm  Mountains,  and  examined  the  easterly  canyons  of 
Huachuca  Mountains.  Next  he  traversed  portions  of  the  Babacomori, 
Sonoyta,  and  San  Rafael  valleys  about  the  Mexican  boundary;  thence  he 
returned  by  new  routes  to  Santa  Catalina  Mountains  and  Tucson,  arriving 
about  the  end  of  May.  In  the  course  of  the  trip  he  discovered  various 
ruins  hitherto  unknown,  some  of  new  types.  Several  of  the  ruins  were 
surveyed,  and  limited  collections  were  made.     On  June  11  he  proceeded 
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northward  trom  Tucson,  rrowing  the  GiU  near  Florence,  pkirting  the  hue 
of  Superstition  Moiinbiina,  ami  traverainK  Tonlo  Valley;  8  namber  of 
cliff  houses  aiul  other  minx  were  discovered,  but  the  journey  was  not  com- 
pleted at  the  end  of  the  fln'at  year. 

In  June  an  arran^ment  wae  effected  ?rith  Mr.  O.  F.  Phillips  and  the 
Armat  Moving- Picture  Company,  under  which  Mr.  Phillip*  proceeded  to 
Mew  Mexico  and  Arizona  For  the  purpotie  of  making  motion  pictures  rep- 
resenting the  industries,  amusements,  and  ceremonies  of  the  Pueblo  and 
other  tribes,  it  being  anticipated  that  such  pictures  wonld  prove  of  especial 
service  for  purposes  of  immediate  research  as  well  as  (or  permanent  record 
The  preliminary  reports  indicate  that  the  work  has  been  successfully 
initiated. 

Throughout  the  fiscal  year  Dr.  Willis  E.  Everett  remained  in  Alaska, 
pursuing  his  avocation  of  mining  engin««r,  but  availing  himself  of  oppai> 
tunities  for  observing  the  native  tribes  anil  reixinling  their  languages  and 
other  activital  characteristics.  Several  reports  indicating  progress  in  the 
collection  of  such  material  were  received  in  (he  [;ourae  of  the  year. 

Dr.  Roliert  Stein,  who  spent  the  winter  of  1899-1900  on  Elsmereland, 
primarily  for  parposee  of  geographic  eitploration,  but  incidentally  to  make 
search  for  traces  of  aboriginal  occupancy  in  the  interests  of  the  Bureau, 
re]X)rte<l  via  Dundee,  through  the  couriesy  of  masters  of  whaling  vessels, 
late  in  the  summer  of  1900.  He  found  no  tracesof  Eskimo  or  other  settle- 
ments in  the  territory  traversed  by  him,  comprising  the  eastern  coast 
of  Elsmereland,  and  his  n^ative  evidence  is  of  service  in  investigations 
relating  to  the  distribution  and  migrations  of  the  Eskimo.  At  the  tjme 
of  the  last  report  he  was  preparing  to  cn)Bs  Baffin  Bay  to  I'pemivik,  on  the 
western  coast  of  Greenland,  with  the  expectation  of  extending  his  pre- 
viouH  observations  on  prehistoric  Eskimo  settlements  along  the  unexplored 

During  the  autumn  Miss  Alice  C,  Fletcher  found  it  necessary  to  revisit 
Oklahoma  for  the  purpose  of  completine  the  ritual  of  the  Pawnee  cere- 
mony, known  as  the  Hako,  of  which  the  greater  portion  was  collected 
during  the  last  liscal  year.  In  connection  with  the  collection  of  this  mate- 
rial she  was  fortunate  in  obtaining  also  much  additional  information  touch- 
ing the  ceremonial  and  ritualistic  life  of  this  highly  interesting  and  little- 
studied  tribe. 

OfTicE  Rgsbarcb. 

WORK  IN  ^anoLOGV. 

In  addition  to  administmtiveduties  in  the  office  and  the  field  work  noted, 
Mr.  McGee  engaged  in  ret^arches  relating  to  the  primitive  symbolism 
found  among  the  American  aborigines  and  other  lowly  peoples.  Certain 
symbols  are  of  nearly  world-wide  distribution,  and  extend  into  several 
stages  of  culture — e.  g.,  the  swastika,  or  fylfot,  apitears  on  alt  of  the  conti- 
nents except  Australia,  and  its  culture  range  extends  at  least  from  higher 
savagery  into  the  lower  strata  of  civilisation.  Before  the  extremely  wide 
range  of  such  symbols  was  ascertained  various  inquirers  were  led  to  rej.'ard 
the  swastika  as  an  evidence  of  cultural  identity,  and  hence  of  the  original 
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unity  of  the  peoples  among  whom  they  were  fonnd;  but  since  they  have 
been  observed  among  highly  diverse  peoples  in  different  s'agee  of  culture 
and  on  remote  continents  this  interpi^tation  has  1)een  inodifie<l  or  aban- 
doned in  large  meflsure,  and  students  have  e<it  themselves  to  the  task  of 
tracing  the  development  of  the  symbols  in  particular  cases.  The  recent 
researches  have  shown  that  the  symbols  of  quatem  character,  like  the 
swastika,  express  or  reflect  mo«lcs  of  thought  especially  charatrteristic  of 
lower  (but  not  lowest)  cultu^,  yet  extend  well  intocivilizationand  enlight- 
enment. At  the  same  thne  the  r-'searches  bring  to  light  such  diveisitipjt  in 
the  nature  and  applications  of  the  concepts  expreeeeii  by  the  Hytnbola  as  to 
indicate,  it  not  demonstrate,  independent  development.  Thus,  quatem 
symbols  abound  among  the  Papago  Indians  of  Arizonaand  Sonora,  as  well 
as  among  several  neighboring  tribes,  yet  the  Papago  concept  isdistinct.as 
shown  by  its  extension  to  time  as  well  as  space,  this  extension  carrying 
such  archaic  fcaluresof  ritual  and  ceremony  as  to  indicate  increasing  inde- 
pendence of  the  concept  in  the  generations  traced  backward.  The  neigh- 
boring Zufli  Indians  have  a  more  highly  differentiated  concept,  e.  g.,  in 
that  their  "cult  of  the  quarters"  involves  six  directions  (zenith  and  nadir 
in  addition  to  the  cardinal  points),  yet  the  symbol  retains  the  original 
quatem  form,  with  two  added  elements  so  placed  as  to  destroy  the  sym- 
metry of  the  figure.  These  instances  of  diversity  in  symbol,  and  still 
greater  diversity  in  meaning  of  the  symbol  (or  in  the  primary  concept), 
might  be  multiplied  almost  itideSnitely;  they  merely  give  some  indication 
of  the  development  of  simple  Lbf=F  qualem  symbols  and  of  the  complex 
and  protean  magma  of  thought  gut  of  which  they  have  been  developed  by 
simple  processes  and  in  easy  steps.  Incidentally  the  examples  marshaled 
by  Mr.  McGee  corroborate  and  extend  the  law  of  activiial  coinculences  for- 
mulated in  an  early  report  uf  the  Bureau;  but  Iheapplications  of  the  recent 
study  are  numerous  and  useful,  especially  in  their  bearing  on  symbolism 
in  general  and  on  the  development  of  systems  of  counting.  The  results  of 
the  study  are  incorporated  in  the  Nineteenth  Report  in  the  form  of  a  brief 
paper  entitled  "Primitive  numbers." 

During  the  eariier  portion  of  the  year  Dr.  Fewkes  arranged  for  publication 
a  series  of  graphic  representations  of  the  personages  composing  the  Hopi 
pantheon,  together  with  full  descriptions  of  the  picturesand  a  discussion  of 
characteristic  paraphernalia  of  thepersonagesrepresented.  The  representa- 
tionsareinoutlineandcolorand  well  illustrate  the  early  stage  in  the  devel- 
opment of  graphic  art  reached  by  the  more  advanced  among  the  aboriginal 
tribes;  hence  they  throw  strong  light  on  the  codices  and  other  pictorial 
essays  of  the  more  southerly  tribes,  especially  those  of  Mexico,  Central 
America,  and  Peru.  The  pictures  were  executed  by  a  native  artist,  who 
was  also  a  priest  in  the  hieratic  or  sacred  organization  through  which  the 
tribal  mythology  is  maintained,  and  each  picturo  is  a  faithful  reproduc- 
tion of  ancient  representations  handed  down  through  many  generations. 
The  material  has  been  assigned  for  publication  in  the  twentieth  annual 
report;  tlie  original  drawings  will  be  use<l  as  copy  and  wilt  be  reproduced 
in  slightly  reduced  facsimile.  The  work  is  deemed  an  important  contri- 
bntion  to  knowledge  of  the  aborigines  in  several  respects.  It  illustrates 
the  motives  and  conventions  of  aboriginal  art  in  both  form  and  color;  it 
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reveals  the  rdle  of  Bymbolism  in  primitive  art  with  remarkable  cleanien; 
it  illustrates  with  eatipfactory  nimpleteneMH  the  nature  and  RlnictQre  of  a 
typical  barbaric  pantheon;  and  eince  the  symbols  and  conventions  (and, 
indeed,  the  personages  represented)  are  of  great  conalanry  in  primitive 
thought,  it  affords  a  serieB  of  types  available  for  nse  in  identification  anil 
comparison  of  a  wide  range  of  symbolic  reprewntatione  among  the  Pueblo 
and  other  tribes,  not  only  in  ceremonies  and  eacreil  p«raphematia,  Imt  in 
the  Peroration  of  fictile  ware,  basketry,  woven  fabrics,  etc. 

Later  in  the  year  Dr.  Fewkes  was  occupied  with  a  systematic  stwdy  of 
the  collections  made  by  him  in  Arizona  and  New  Mexico  during  1896  and 
1897,  the  study  being  carried  forwanl  with  special  reference  to  the  sym- 
bolic decoration  of  the  fictile  ware.  Alt  systematic  investigators  of  the 
decorative  devices  used  by  primitive  peoples  have  been  imprewed  with 
their  constancy,  i.  e.,  with  the  ej[cee<ling  slowness  of  modification.  They 
have  also  been  inipresseil  with  the  dependence  of  the  modification  on 
external  forces  and  <i>ndition8  rather  tlian  on  the  spontaneous  internal 
factor  so  prominent  in  the  art  of  advanced  culture.  Recognizing  these 
characteristics  of  primitive  art,  Dr.  Fewkes  undertook  to  deflne  the  sym- 
iKitic  (or  esthetic)  types  prevailing  among  the  peoples  of  Walpi,  much  as 
a  naturalist  might  define  types  of  animal  anil  vegetal  life  for  the  establish- 
ment of  species,  genera,  and  orders,  and  for  tracing  tlie  lines  of  vital 
development  in  a  distinctive  environment.  His  symbolic  tyj>es  were  based 
on  specimens  oliserved  among  the  tribesmen  or  obtaineil  from  sites  by 
their  ancestors  during  the  historical  [leriod;  and  he  soon  found  that  the 
types  served  to  indicate  what  may  be  termed  a  "symbolic  province,"  i.  e., 
a  region  throughout  which  the  syml)olic  devices  were  siniilar,  but  in  which 
they  ilitfered  esientially  from  thone  of  other  r^ions.  In  this  way  he 
deGneil  an  ethnic  district  and  establisheil  standards  for  the  guidance  of 
future  investigation  and  alno  for  the  loi'aliaitioH  of  ill-labeled  speiimens 
in  museums;  for  many  collectors  have  been  content  to  lal)el  specimens  of 
symbolic  piitlery,  etc.,  "Arizona,"  "Pueblo  region,"  or  by  other  large  and 
indefinite  political  or  natural  divisions,  thereby  confusing  important  sym- 
bolic distinctions  and  ethnic  districtii.  As  his  investigations  ot  the  symbolic 
tyiiea  progresseil.  Dr.  Fewkes  became  more  deeply  impressed  than  any 
predei'essor  with  the  persistence  of  motives  and  the  regularity  of  their 
evolutional  lines;  and  he  conceiveii,  in  a  dcfinile  and  constructive  way, 
the  piHisibility  of  tracing  prehistoric  migrations  by  means  of  the  decorative 
symbols,  1.  e.,  of  employing  symbolic  devii'es  as  prehistoric  records,  read- 
ing from  them  the  tale  of  tribal  movements  before  the  coining  of  C'-oronado. 
He  conceivoil  llie  possibility  of  coordinating  the  archeol<^ic  retvnl  as 
taught  by  syml>ols  with  tribal  traditions,  and  the  double  advantage  of 
mutual  verification  Itetween  trailitiou  and  symbolic  record.  Proceeding  in 
accordance  with  these  ideas,  he  obtained  from  living  Ilopi  traditions  of  a 
former  residence  of  their  ancestora  at  a  locality  which  they  called  Homo- 
lobi;  and  by  excavations  identified  this  site  and  verified  the  traditions, 
extending  his  knowledge  of  the  evolution  of  the  symbolic  types;  for  the 
Homolobi  collections  (now  in  the  National  Museum)  are  not  only  abun- 
dant in  dei-oraUMi  ware,  but  notably  rich  in  symbols  susceptible  of  inter- 
pretation.   {Subsequent  exploration  brought  him  to  the  site  of  a  ruin  on 
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Chevlon  Creek,  where  excavatioi)  revealcl  another  stage  in  the  same 
general  line  of  symbolic  development,  which  corrolKi rated  the  vague  and 
ehfuiowy  tradition  that  Hopi  clane  once  inhabited  this  Bite.  He  later 
sought  a  locality  noted  in  the  vagueet  of  alt  the  migration  legendH  still 
current,  and  he  was  graUfled  by  finding  near  Chavez  Pass  the  archeologic 
record  of  this  stage  in  migration  inscribed  in  eymbols  related  to  the  higher 
tyj>e  from  the  more  northerly  localities.  Beyond  thia  point  ruina  which 
mark  traditional  halting  places  in  migration  were  not  located;  beyond  it 
the  symlKilic  development  haa  not  yet  been  traced;  but  there  is  good 
ground  for  anticipating  that  when  Br.  Fewkes  resumes  the  field  he  will 
obtiun  Htill  earlier  records  of  the  prehistoric  movemente  and  development 
■  of  this  branch  of  Pueblo  peoples.  The  work  ie  deemed  of  much  impor- 
tance as  a  verification  ol  aboriginal  tradition,  aaameanaof  verifying  other 
migration  Is^nde,  and  aa  &  moat  promising  introduction  to  the  practical 
interpretation  ol  hiatory  unwittingly  recorded  in  graphic  symbols.  Inci- 
dentally, the  work  corroborates  the  earlier  conclusion  reached  in  the 
Bureau,  that  the  Pueblo  peoples  are  a  resultant  product  of  Southern  cul- 
ture and  Northern  blood;  yet  the  aignifieant  detaJla  throw  new  light  on 
the  entire  problem.  The  report  ia  elaborately  illustrated  by  colored  pho- 
tographa  of  the  ware  from  the  several  localiliee  examined;  it  was  practi- 
cally ready  for  the  press  at  the  close  of  the  fiscal  year. 


The  earlier  accounts  of  exploration  in  the  territory  occupied  by  the 
Cowjpa  Indiana  seemed  to  indicate  that  the  tribeemen  occupied  the  coast 
of  (iulf  of  California  and  were  of  iimritime  habits;  but  in  the  course  of  the 
expedition  led  by  Mr.  Mc(Jee  it  was  definitely  ascertained  that  the  folk 
are  essentially  agricultural  and  confined,  at  least  so  far  as  habitations  are 
concerned,  to  the  interior.  The  industrial  condition  of  Ihetribe  was  found 
to  1>e  of  much  interest  The  tribal  habitat  (»inpriaea  the  Lower  Colorado 
Valley  from  the  international  boundary  southward  to  the  head  of  the  gulf, 
together  with  a  few  tributary  valleys  descending  from  the  Cocopa  Moun- 
tains on  the  weal.  The  main  valley  is  broad  and  diversified  by  distribu- 
taries, or  bayoua,  of  which  the  most  importaut  is  Hardy  River,  or  "Hardy's 
Colorado."  There  are  also  several  fairly  permanent  basins,  filled  by  the 
annual  floods  and  slowly  evaporated  during  succeeding  months,  and 
the  greater  part  of  tlie  broad  bottom  is  swept  by  the  freshets.  Within 
the  region  Ilea  number  of  "mud  volcanoes,"  apparently  analogous  to  the 
"mud  lumps"  of  the  Lower  Misaiastppi,  which  have  attracted  much 
attention  by  reason  of  their  novelty,  though  they  are  quite  subordinate 
to  the  general  features.  The  entire  district  affords  the  closest  American 
[>Hrallet  to  the  valley  of  the  Nile,  not  only  in  physical  conditions,  but  in 
the  influence  of  thcae  on  human  conditions.  Like  northern  Africa,  the 
general  r^ion  ia  one  of  extreme  aridity,  the  rainfall  (averaging  less  than 
2  inches  yearly  during  the  last  qua  iter  century  at  the  typical  station  of 
Mammoth  Tanks)  t>eing  negligible;  while  the  habitable  district  is  well 
watered  by  annual  treahets  of  remarkable  regularity  in  period  and  height. 
Theee  freshete  not  only  flood  hut  fertilize  the  riparian  lowlands;  they 
control  directly  the  local  flora  and  somewhat  \em  directly  the  local  fauna, 
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and  they  regulate  the  movemente,  mmt  of  the  industrial  habile,  many 
of  the  social  ctulomB,  and  much  oE  the  mythology  of  the  human  popu- 
lation. During  the  greater  part  of  the  year  water  ie  obt^nable  only 
from  the  ahmnken  river,  on  whose  banke  grow  most  of  tlie  seed-bearing 
and  root-yielding  plants  available  as  food,  so  tliat  the  people  are  leil  to 
occupy  the  lower  bottom  lands.  Here  the  cultivated  crop  plants  are  sown 
in  aoil  soaked  by  the  flood  anil  enriched  hy  Its  silt  deposit,  to  grow  and 
ripen  rapidly  nnder  the  subtropical  Hun;  -here  habitations  are  enH'tetl,  nat- 
urally of  light  and  temporary  character,  and  here  the  Rinall  and  nuattered 
villages  characteristic  of  the  tribe  grow  up  during  each  late  minmerand 
eariy autumn.  Thechief crop plant8arecom(mai!ie),l>eanB, peas, squashes, 
and  melons,  an<l  it  is  noteworthy  that  most  of  these  represent  the  aboriginal 
plant  stocks  brought  under  cultivation  in  pre-Columbian  times.  Fishing 
and  hunting  the  abundant  waterfowl,  as  well  as  other  game,  contribute 
to  the  tribal  subsistence,  and  during  recent  yearn  part  of  the  com,  beans, 
and  peas  is  i-arried  on  hoiseback  to  Yuma,  where  it  is  l>artere<l  chiefly  for 
appareling,  t^rly  winter  is  the  time  for  ceremony  with  the  atten<lant 
feasting,  and  by  early  spring  when  the  greater  and  lem  portable  part  of 
the  annual  crop  is  consumed,  thelamiJies  prepare  for  the  annual  migration 
to  the  higher  lands,  where  they  await  the  rise  and  euhsidenre  of  tlie  ver- 
nal flood.  On  its  passing  they  return  to  the  low  grounds,  to  rebuild  and 
plant  on  the  last  year's  farms  or  elsewhere  ai^vjrding  t<i  the  changes  wrought 
by  the  freshet  or  the  chance  of  death  and  mortuary  observance.  Naturally 
an  agriculture  depending  so  large'y  on  chance  eondilions  is  improvident, 
comparatively  unproductive,  and  incajiable  of  suatainirig  any  considerable 
or  concentrated  population,  so  that  its  tendency  combines  with  that  of 
annual  niigrationa  lo  stifle  the  home  sense  an<l  to  scatter  the  membere  of 
consanguineal  groups  and  tlius  lo  affect  the  social  organization.  The  recur- 
rent floods  also  affect  the  ceremonies  and  attendant  faiths  of  the  trilies- 
men  in  various  ways;  e.  g,,  they  control  mortuary  observances  and  have 
nndoubteilly  le<i  indirectly  to  the  custom  of  burning  the  bodies  of  dece- 
dents in  and  with  their  houses,  ilistributing  their  property  lo  nonrelatives, 
and  iniridentally  destroying  adjacent  bouses  ami  other  property.  This  dis- 
)>ersive  sorial  factor  combines  with  that  growing  directly  nut  of  the  agri- 
cultural methods,  an<l  not  only  prevents  the  ilevelopment  of  village  life 
with  the  concomitant  institutions,  but  perpetually  impoverishes  the  tribe. 
Thus  the  Cocopa  Indians  present  an  industrial  paradox,  for  while  they 
occupy  one  of  the  garden  spots  of  the  Western  Hemisphere,  whose  natural 
freshets  might  he  so  utilized  as  to  sustain  an  enormous  population,  they 
subonlinale  themselves  to  the  environmental  conditions  ami  remain  one 
of  the  poorest  and  most  hopeless  of  the  American  tribes, 

Duringtheearlier|iartof  theyearDr.  Albert  E.  Jenks  (then  a  correspond- 
ent of  the  Bureau)  revised  bis  memoir  on  The  Wild  Rice  Gatlierers  of  the 
L^ke  Region  {in  press  as  part  of  the  Nineteenth  Anniisl  Keport,  as  noted 
in  the  last  report),  incorporating  some  of  the  results  of  rei'eiit  ro^earches. 
On  June  I  be  was  appointed  to  the  position  of  a^i^iant  ethnologist  in  the 
Bureau,  and  was  assigned  to  work  related  to  his  previous  researches.  He 
at  once  look  up  the  subject  of  birch  Irnrk,  with  the  alxirigiiial  industries 
depending  ou  this  natural  commodity  of  a  considerable  fraction  of  the 
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North  Ameriotn  continent  One  of  the  most  important  products  of  the 
biruh-bwk  industry  is  the  canoe;  anil  this,  like  other  industrial  prodncts 
of  conaequence,  exerted  a  powerful  influence  on  the  lives  of  the  producen. 
Through  one  of  those  hannoniee  of  nature  on  which  the  pn^rees  of  nan- 
kind  BO  lai^gely  depends,  much  of  the  birch-bearing  region  of  North 
America  (a  cone  stretching  from  Maine  to  Washington  State  and  Alaska, 
and  extending  from  below  the  Great  I^kes  nearly  to  the  treeless  Arctic) 
b  also  the  r^on  of  late  Fleialocene  glaciatjon,  and  hence  of  glacial  lakes, 
snamps,  and  labyrinthine  streams;  so  that  throughout  the  period  of  abo- 
riginal development  an  ideal  canoe  material  coexisted  with  illimitable 
functions  for  the  canoe  in  the  way  of  travel  and  transportation.  Under 
the  natuTKl  combination,  joined  to  native  intelligence  and  skill,  the  lake«< 
and  streams  became  routes  of  passage,  and  by  reason  of  the  lightness  and 
strength  of  the  material,  and  the  lownese  and  norrownesa  of  the  ice-molded 
divides,  portages  were  easy,  so  that  the  routes  passed  from  lake  to  lake, 
river  to  river,  and  drainage  system  to  drainage  syst«m,  practically  across 
the  continent.  Under  the  stimulus  of  facility  the  birch-canoe  makeis 
became  travelers  and  explorers;  enei^tic  hunters  and  fishermen  explon  d 
new  waters  and  tarried  tribal  knowledge  into  new  regions;  ambitious 
scions  stnick  out  into  the  remoter  wilderness  to  make  conquest  over  the 
unknown  and  often  to  establish  families  and  clone,  and  eventually  tribes, 
in  new  localities;  so  that  in  course  of  time  the  paddlere  of  the  light  canoe 
carried  their  kindred,  their  dialects,  their  faiths  over  the  greater  part  of 
the  vast  region  defined  by  the  birch  tree  and  the  glacial  waterways.  Most 
of  the  canoe  men  belong  to  the  Algonquian  slock,  most  of  the  remainder 
to  the  Athapascan  stock;  and  the  recent  researches  render  it  clear  that 
their  water  craft  was  a  leading  factor  in  determining  their  wide  distribu- 
tion, their  success  in  making  conquest  of  the  continent  up  to  the  plane  of 
aboriginal  standards.  The  detail  results  of  the  work  are  in  preparation 
for  an  early  report. 

In  tracing  the  joint  lines  of  migration  and  esthetic  development  noted  in 
other  paragraphs  Dr.  Fewkes  became  impreeeed  with  the  fact  that  among 
the  ancestors  of  the  Hopi  Indians  the  esthetic  standards  were  much  more 
permanent  than  the  industrial  standards.  Throughout  the  entire  course 
retraced  by  his  researt-hes — a  course  covering  several  distinct  treks,  alter- 
nating with  periods  of  stable  settlement,  the  whole  covering  some  centu- 
ries— the  symbolic  devices  inscribed  on  the  fictile  ware  remained  constant 
or  underwent  only  slight  and  easily  traceable  modifications,  while  at  each 
sacceffiive  settlement  new  materials  were  utilized  in  the  pottery  making,  the 
manufacturing  processes  and  the  final  forms  of  the  ware  being  manifestly 
adjusted  to  the  character  of  the  material.  The  discovery  that  the  indus- 
trial  activities  (which  dii^ctly  measure  the  conjustmeut  of  man  uid 
environment)  are  the  most  progressive  of  the  entire  series  is  not,  of  course, 
novel;  still  less  is  it  novel  to  learn  that  the  especially  conservative  esthetic 
concepts,  which  are  at  once  hereditary  and  prophetic,  as  shown  by  Grooe, 
outlive  whole  generations  of  contemporaneous  industrial  concepts;  yet  the 
example  is  notably  apposite  and  instructive,  largely  by  reason  of  the  free- 
dom of  the  folk  from  external  interference,  with  the  consequent  simplicity 
and  integrity  of  the  record.  The  details  are  incorporated  In  Dr.  Fewkes's 
report  on  operations  of  18t)6-9T. 
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In  the  course  of  hie  reconnoimance  of  central  and  Routhem  Arizona  E>r. 
Frank  RuBsell  gave  eHpecUl  attention  to  the  architectural  featnree  of  the 
rnina,  and  defined  a  number  of  types,  of  which  one  or  two  are  new  lo 
Bouthweetem  archfeology.  The  work  woe  stilt  in  progreea  at  the  cloee  of 
the  flical  year. 


A  portion  of  the  year  was  employed  by  the  Director  in  reviewing  the 
abundant  data  in  tlie  fiureau  arrhivea  relating  to  aboriginal  inetitutbiia, 
and  in  Bytrtemizing  the  prinriplte  of  sociology  in  the  light  of  these  data. 
One  of  the  linett  of  inquiry,  rendered  important  not  only  by  inherent 
interest  but  by  current  prublenie  growing  out  of  the  recent  expansion  of 
the  t«rritary  of  the  United  StaleH,  relates  to  slavery  among  the  primitive 
peoples,  and  the  researches  render  it  clear  that  the  relationships  so  desig- 
nated vary  wiilely  with  intellectual  plane  or  culture  grade— indeeii,  the 
social  subordination  of  lower  culture  is  so  unlike  the  slavery  of  civilization 
that  the  application  of  the  saiue  deMgnation  to  lH)th  institutions  is  quite 
misleading.  In  the  slavery  of  civilization  the  slaves  are  not  only  aliens 
but  chattels,  whose  personal  ownership  is  definitely  eslabli«he<l  and  main- 
tained through  laws  relating  to  tenure,  bequest,  conveyance,  etc.,  but  in 
savage  society,  in  which  personal  proprietary  rights  are  inchoate  or  non- 
existent, in  which  the  tenure  inheres  practically  or  absolutely  in  the 
group,  in  which  bequest  ia  hardly,  if  at  all,  recognized,  and  in  which 
thrift  sense  is  lacking  and  property  sense  involved  with  mythic  factors, 
such  slavery  is  simply  impossible.  True,  there  are  many  retonled  in- 
stances of  slavery  among  lower  tribes,  but  most  of  these  rest  on  casual  or 
superficial  observation,  or  on  other  testimony  slopping  short  of  inquiry 
into  the  precise  nature  of  the  relations  U'twi-en  the  fupposed  slaveholders 
and  the  supposed  slaves,  while  the  convenience  of  the  common  term  for 
the  expression  of  siH^ial  inequality  has  contributed  to  mislead  recorders 
and  (still  more  seriously)  reailers.  To  understand  the  so-called  slavery  of 
savagery  it  is  necessary  to  grasp  the  mode  of  so<;ial  oivanization  charac- 
teristic of  that  culture  gra<le.  As  shown  chiedy  through  the  researches 
among  the  American  abori^nee.  sucli  organization  is  base<l  primarily  on 
conaanguinity  (actual  or  imputed),  and  secondarily  on  age;  and  the  rela- 
tions growing  out  of  these  factors  are  kept  constantly  in  the  mind  of  every 
member  of  each  clan  and  tribe  by  habitual  forms  of  address.  So  the  con- 
stituent individuals  of  a  given  clan  arc  fathers  and  mothers,  sons  and 
daughters,  brothers  and  sisters,  and  these  relationships  are  constantly 
indicated  in  salutations,  and  even  in  ordinary  conversation  (the  precise 
relationship  to  the  speaker  being  commonly  expressed  also  by  a  pronomi- 
nal element).  At  the  same  time  it  is  constantly  tx>me  in  mind  that  father 
and  son,  mother  and  daughter,  are  not  coordinate,  the  fonner  l)eiug  the 
supenor  b>  reason  of  greater  age;  similarly  brethren  are  claascil  as  elder 
brothers  and  youngt'r  brothers,  while  the  female  kindred  of  the  same 
generation  are  c!aase<l  as  elder  sisters  and  younger  sisters,  ami  the  elder 
are  always  deemed  superior,  the  younger  inferior,  in  rank.  By  simple 
an<l  practical  extension  of  the  system,  the  relative  ages  of  all  persons  in 
the  clan  are  kept  in  mind;  and  sini^e,  a<x'onling  to  the  universal  usage  of 
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savagery  (so  far  ae  known),  superior  age  confers  authority,  thete  ia  a 
practically  simple,  though  theoretically  complex,  re^nienhition  running 
through  the  entire  clan,  whereby  the  eldest  person  coinmandi)  all  and 
obeys  none,  while  the  youngest  person  obeys  all  and  commands  none,  and 
each  other  person  is  entitled  to  command  anil  tiound  to  obey  in  the'  direct 
l>roportiou  of  relative  age.  This  regimentation  is  complicated  by  various 
falters,  HUeli  as  adoption,  and  (especially)  what  may  be  called  promotion 
anil  demotion,  i.  e.,  advancement  in  "age"  (rank)  by  common  consent  in 
rocognition  of  prowess,  etc.,  with  correlative  reduction  in  "age"  as  the 
penalty,  for  cowardice,  etc.,  «o  that  the  actual  age  relations  may  be  com- 
pletely lost;  yet  the  imputeil  relationship  serves  practical  purposes,  and 
the  organization  is  maintalneil  with  unimpaired  efficiency  by  metuis  of 
relationship  terms.  The  same  system  is  extended  from  the  clan  to  the 
tribe,  in  which  the  several  clans  are  ranked  in  the  order  of  "age" 
(of  course  imputed),  and  eventually  to  the  tribes  united  in  confe<leraciee; 
so  that  at  last  th«  system  reaches  every  member  of  the  tribal  confederacy 
and  each  is  entitled  to  command  or  bound  to  obey  any  other  accordii^  to 
the  relationship  expressed  in  the  fom)  of  mlutation  and  constantly  kept 
alive  in  conversation.  True,  uncertainties  and  differences  of  opinion  may 
arisi^,  especially  between  the  remoter  individuals  and  groups;  commonly 
these  are  settled  by  more  or  less  prolonged  deliberation  and  iliscusaion,  or 
"council,"  though  eome  of  the  bloodiest  wars  of  Indian  history  grew  out 
of  such  misunderstandings;  yet  even  the  appeal  to  force  and  arms  but 
serves  as  a  means  of  settlement  of  the  dispute,  for  the  conquerors  thereby 
become  the  elder  and  the  tronquered  the  younger  in  primitive  thought. 
So,  too,  when  stranger  tribes  meet,  both  are  constrained  by  universal 
tribal  law,  and  proceed  to  council  or  war,  as  the  case  may  be,  for  the  pur- 
pose of  fixing  the  relative  "age,"  with  the  consequent  right  of  command, 
and  in  some  I'ases  tlie  quextion  may  remain  ojien  for  centuries  (as  between 
the  Apache  and  the  Pap^^)  and  lead  to  interminable  warfare.  Now, 
the  conijuered  tribe  may. merely  retire  from  the  llelii  of  dispute,  leaving 
what  lioth  conceive  to  be  the  verdict  of  superhuman  potencies  l>eyond 
reach  of  contiimous  execution;  but  if  the  contestants  are  wtually  relateil, 
or  if  the  conquest  is  complete,  they  commonly  remain  in  association,  the 
survivors  of  the  conquered  families  being  absorlied  or  more  formally 
adopted  into  the  conquering  tribe,  and  perhaps  distributed  among  the 
families  of  that  tribe,-  whereupon  all  the  captives  become  subordinate  to 
each  and  all  of  the  conquerers,  to  whom  thenceforth  they  owe  obedience. 
Commonly  it  is  this  condition  of  obeilience  on  tlie  part  of  a  certain  clai« 
or  group  to  the  commands  of  another  class  or  group  which  impreeees 
obwrvers  an<l  leads  to  the  records  of  slavery  among  primitive  folk,  though 
the  institution  involves  no  ownership  o(  human  chattels,  no  rights  or 
duties  save  those  connected  with  a  system  of  rank  correlated  with  relative 
age,  actual  or  imputed.  The  institution  might  better  be  styleil  wholesale 
adoption,  or  collective  adoption,  than  slavery.  Among  the  American 
aborigines  the  captives,  or  ailoptees,  are  usually  assigned  an  "age"  corre- 
sponding with  the  time  of  their  entry  into  the  tribe,  so  that  they  are  com- 
pelled thereafter  to  ol)ey  all  children  then  living,  and  are  entitled  to  com- 
mand all  children  stibsetjuently  bom  into  the  trilje,  and  there  it4  thus  a 
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fixed  vay  whereby  they  attain  in  time  the  rank  of  the  conqnerore.  More- 
over, the  method  of  promotion  permits  any  "Blave"  (i.  e.,  capUve-jmiior) 
to  attain  "age"  by  the  dixplay  of  prowew,  induetry,  Hkill,  generodty,  or 
other  attributes  appealing  to  the  sentimenteof  primitive  men.  Among  cer- 
tain other  peoples,  the  cuBtom  of  collective  ndoptioD  appeare  tii  b«  no  modi- 
Sed  that  the  captives  remain  juDiors  not  only  to  membere  of  the  captor 
tribe  bom  anterior  to  the  captivity,  hut  to  all  others,  and  It  is  this  modi- 
fied institution  which  mature  in  actual  slavery  with  the  development  of 
property-Bense;  but  even  in  this  caae  there  are  (at  least  in  the  early  stages) 
devices  for  the  manumiMHion  or  liberation  of,  or  the  acquisition  of  rank  by, 
captives  (iir  captive-tleacendouts)  of  exceptional  abilitieB.  The  sevend 
primitive  customs  grade  into  the  institution  of  slavery  proper  in  ways 
which  are  of  mucli  iiit«Teet,  but  which  need  not  now  be  followed;  it  suf- 
licea  to  empliasize  the  Important  dixtinction  between  the  captive  subordi- 
nation of  primitive  peoples  and  the  real  slavery  of  Hume  civilized  nations. 
In  the  course  of  his  researches  among  the  O>copa  Indians  Hr.  McGee 
discovered  several  industrial  factors  of  dispersive  tendency,  i.  e.,  factors 
tending  to  weaken  home  ties  and  family  bonds  and  to  scatter  the  families 
and  clans;  and  natursJly  these  factors  are  reflected  in  the  social  organixa- 
tion.  The  tribe  is  now  distributed  over  an  area  of  severai  thousand  square 
miles,  extending  from  the  international  boundary  on  the  north  to  the  he*d 
of  salt  water  (of  Gulf  of  California)  on  the  south,  and  from  the  eastern 
border  of  the  Colorado  bottom  to  the  base  of  Cocopa  Mountains;  and  within 
this  area  are  seven  subtribes,  of  which  some,  and  perhaps  all,  are  really 
clans,  each  organized  under  a  sulvhief  and  all  definitely  unite*)  under  a 
head  thief,  the  present  incumbent  of  this  office  being  a  man  of  parte,  an 
orator  of  ability,  and  a  leader  of  much  shrewdness,  commonly  known  as 
Pablo  Colorado.  Now,  naturally  (and  necessarily  for  the  maintenance  of 
tribal  integrity)  the  dispersive  factors  are  counteracted  and  balanced  by 
connective  factors;  and  while  it  is  probable  that  some  of  these  remain 
undiscovered,  a  few  others  of  no  small  significance  were  detei:ted  by  Mr. 
McGee.  As  already  mentioned,  the  mortuary  oltservauces  include  sacri- 
fice of  all  the  immediate  belongings  of  decedents,  for  imme<lialely  after  the 
death  of  a  tribesman  his  personal  possessions— horxe,  saddle,  wea|xins, 
implements,  apparel,  grain  and  other  food  stuffn,  bedding,  doge,  etc. — 
become  public  and  are  distributeit  among  nonrelatives  iu  the  order  of 
arrival,  while  any  unclaimed  residue  is  burned  with  the  body  and  house. 
Several  social  consequences  attend  this  indui<triatly  Improvident  proce- 
dure. In  the  first  place,  the  largess  is  an  incentive  to  maintaining  con nei'- 
tion  between  the  scattered  families  and  danti  and  to  lively  (albeit  morbid) 
interest  in  the  state  of  health  of  invalids,  thrifty  producers,  and  other 
members  of  the  tribe;  again,  the  actual  mortuary  distribution  brings 
together  scattered  tribesmen  and  their  families  and  unites  their  interests 
in  ceremonies  of  af(e<'ting  if  not  imposing  character;  and  finally  the  mate- 
rial sacrifice  commonly  leaves  degiendents  (widows,  children,  and  perhaps 
agelings)  to  be  supported  by  the  informal  public  bounty  of  tribal  life,  or 
perhapH  to  l>e  distributed  among  siattered  families  In  su<'h  manner  aa  to 
strengthen  sentiments  oF  communality  and  to  keep  alive  the  mnxe  of  com- 
munity in  interests.    This  factor  is  prominent  in  the  ciixtoms  of  the  tribe. 
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uid  its  influence  JB  direct  and  easily  traceable.  A  lees  direct  factor  of  sim- 
ilar tendency  is  found  in  the  marital  custom,  or  rather  in  the  obmrvancee 
preceding  and  preparing  the  way  for  marriage.  The  jfirls'  puberty  feast 
is,  indeed,  one  of  the  most  imposing  and  widely  heralded  of  tlie  tribal 
oeremoniee;  commonly  it  brings  ti^ther  representatives  of  all  the  subtribcn 
or  clansi  and  the  proceedings  are  conducted  with  extreme  formality  and 
dramatic  inipressivenese.  The  principal  ceremony  lasts  through  a  nigbt. 
followinga  day  of  preparation  and  followed  by  another  day  of  final  feast* 
ing,  accompanied  by  gamefl,  etc.  The  central  episode  is  the  temporary 
bnrial  of  the  novitiate;  asliallowpit  is  excavated,  and  in  this  a  Hre  is  made, 
as  fora  flsh  bake;  after  the  earth  is  thoroughly  warmed  the  remaining  fuel 
and  coals  are  removed,  the  girl  is  placed  in  the  pit  and  buried  to  the  neck 
with  the  earth  thrown  out  in  making  the  excavation;  there  ihe  spends  the 
night,  and  in  the  morning  ie  extricated  and  brought  before  the  assembled 
tribesmen  aa  a  woman;  and  commonly  a  match  is  matte  with  a  repre- 
sentative of  some  more  or  lees  remote  branch  of  the  tribe.  Through  the 
ceremony  community  of  thought  is  maintained  in  most  effective  fashion, 
and  through  the  resulting  union  family  sentiments  arc  united  to  the  extent 
that  a  common  consequence  of  marriaite  is  the  breaking  of  a  new  path, 
often  many  miles  in  length,  through  the  luxurious  herbage  of  the  annually 
flooded  bottom  land.  The  formal  organization  of  the  Cocopa  tribe  is  in 
large  measure  esoteric,  so  that  it  can  be  ascertained  fully  only  after  pro- 
longed and  intimate  acquaintance  with  the  tribesmen,  but  the  preliminary 
investigation  serves  to  show  that  the  field  of  inquiry  is  one  of  promise. 

In  his  comparative  study  of  myths,  Mr.  J.  N.  B.  Hewitt  has  found 
various  referencee  to  social  customs  of  such  sort  as  to  indicate  clearly  cer- 
tiUD  archaic  institutions  of  the  Iroquoian  Indians.  Thus  the  Onondaga 
legends  illumine  the  legislative  and  executive  customs  of  the  tribe,  and, 
while  ostensibly  giving  traditional  warrant  for  the  customs,  they  really 
picture  a  somewhat  earlier  stage  in  the  development  of  institutions  than 
that  found  by  the  Caucasian  pioneers.  In  this  tribe  all  matters  of  public 
policy,  especially  the  selection  of  chiefs  and  the  discontinuance  of  war, 
were  Srat  considered  by  the  elder  women  in  fairly  definite  clan  councils. 
Their  conclusions  were  formally  communicated  to  a  male  spokesman, 
usually  the  elder  brother  (actual  or  putative)  of  the  elder  woman,  and  by 
this  spokesman,  with  othere  of  similar  character  from  the  other  clans,  the 
opinions  of  the  mothers  were  brought  before  the  exclusively  masculine 
tribsl  council  for  debate  and  final  decision.  In  this  way  the  women  sitting 
in  clan  council  constituted  the  primary  legislative  body,  while  their  broth- . 
ere  sitting  in  tribal  council  formed  a  senate  or  final  legislative  body  whose 
decisions  were  binding  on  the  executives  of  clans  and  tribes;  so  that  the 
social  organization  may  be  classed  as  adelphiarchal  (like  that  of  the  Sen 
Indians  described  in  earlier  reports)  in  principle,  though  largely  patri- 
archal in  detail.  As  among  the  Seri,  too,  the  maternal  features  of  the 
legislation  were  paralleled  by  recognition  of  large  maternal  rights  in 
material  possessions — e.  g.,  throughout  the  Iroquoian  tribes  the  control  or 
nominal  ownerahip  of  lands  was  in  the  women  as  the  collective  and  per- 
petual mothers  of  the  tribe.  These  and  other  points  of  general  interest 
are  set  forth  fully  in  Mr.  Hewitt's  memoir,  which  has  been  a 
the  Twenty-first  Annual  Report 
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Throughont  a  considerable  part  of  the  year  the  Director  was  Mvupied  in 
developing  and  applying  the  eyglem  of  lioguiHtic  c1  salification  foreHhad- 
oved  in  the  laet  report.  Primarily,  languages  are  devices  for  the  expres- 
sion of  thought;  eecondarily,  they  are  mechauismH  for  shaping  thought 
The  simplest  langoagee  are  emotional  and  largely  demonstrative,  compris- 
ing not  only  articulate  vocal  utterancefl,  but  inarticulate  founds,  gestures, 
facial  eipressione,  etc.,  and  these  sponlaneous  exprewons  of  feelingrand 
thought  grow  into  the  four  leading  lines  of  linguistic  development.  The 
simplest  of  these  is  gesture  language  (or  sign  language),  which  arises  largely 
in  pantomime,  but  matures  under  favorable  conditions  in  highly  complex 
eystems  such  as  those  investigated  by  the  late  Colonel  Mallery  and  more 
recently  by  Maj.  H.L.Scott  {whose  studies  were  unfortunately  interrupted 
by  the  Spanish- American  war).  A  far  more  important  line  of  linguistic 
development  is  that  of  oral  speech,  and  the  aiTtivities  of  expression  have 
been  so  long  and  so  vigorously  exercised  in  this  line  as  to  have  <leveloped 
a  series  of  special  organs  differing  widely  in  refinement  of  function  and 
delicacy  of  structure  from  those  of  lower  animals.  By  means  of  these 
organs  the  speaking  animal,  Man,  makes  mastery  of  sound,  which  is 
created  at  will  and  reduced  to  vocables,  notes,  sentences,  in  such  manner 
as  to  convey  ideas  of  the  utmost  complexity  with  hardly  percepUble  loss 
of  meaning;  and  with  the  development  of  words  and  sentences  lexicology 
and  grammar  arise,  while  etymology  and  sematology  gradually  acquire 
importance.  The  third  line  of  linguistic  development  is  that  of  written 
language,  which  first  involved  manual  adaptation,  together  with  a  revolu- 
tion in  mode  of  thought,  and  afterward  involved  the  invention  of  that  long 
series  of  mechanical  devices  now  forming  the  sign  and  measure  of  higher 
intellectuality.  The  last  line  of  linguistic  development  is  that  represented 
by  characters  expressing  quantitative  values;  it  may  be  styled  logistic  lan- 
guage. Although  based  primarily  on  the  rich  records  of  aboriginal  Amer- 
ican languages  preserved  in  the  archives  of  the  Bureau,  the  system  of 
linguistic  claseilication  has  been  shaped  by  extended  comparisons  with  the 
various  languages  of  Europe  and  Asia,  together  with  some  of  those  of 
Australia,  Africa,  and  Polynesia.  The  system  has  been  freely  disKriis^ed 
with  students  and  has  been  published  in  preliminary  form  for  the  purpose 
of  eliciting  further  suggestion  and  criticism;  it  is  expected  tliat  the  matter 
will  be  incorporated  in  full  in  an  early  report. 

In  connection  with  the  linguistic  classification,  the  Director  has  con- 
tinued to  study  the  recorded  languages  of  the  Mexican  and  Central  Amer- 
ican tribes,  with  a  view  to  the  classification  of  these  tribes  by  Jinguistic 
affinities  in  a  manner  corresponding  to  that  already  adopted  for  the  Ameri- 
can tribes  north  of  Mexico  (and  published  in  the  Seventh  Annual  Repori). 
In  this  work  he  had  the  constant  assistance  of  Dr.  Cyrus  Thomas,  whose 
familiarity  with  the  literature  of  the  southern  distrids  of  North  America 
proved  invaluable.  Before  the  end  of  the  year  a  preliminary  classifica- 
tion was  made  and  mapped ;  but  it  is  deemed  unwise  to  submit  the  matter 
for  publication  pending  reexamination  of  various  critical  points.  It  has 
been  the  good  fortune  of  the  Bureau  to  see  the  classification  and  mapping 
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of  the  tribes  nurth  of  Mexico  adopted  widely,  and  it  iH  naturally  desired 
that  tbe  contiouation  of  the  work  Buuthwsrd  Hhall  be  equally  worthy  of 
acceptance. 

Dr.  Albert  S.  Gatsohet  (xintinued  the  arrangement  of  the  compamtive 
AI([onquian  vocabulary,  and  also  carried  forward  hja  analyBiB  of  the  com- 
plex structure  of  the  Peoria  langua^.  In  both  directions  his  progre«B 
was  considerable  and  his  results  of  much  value,  not  only  as  an  aid  in  for- 
mulating the  linguistic  classification  above  described,  but  to  the  collabo' 
ratora  of  the  Bureau  and  students  generally. 

Dr.  Franz  Boas  continued  the  arrangement  of  linguistic  material  for 
publication  at  intervals  throughout  the  year.  In  addition,  he  revised  the 
proofsof  hismemoirentitled  "  Kathlamet  Texts,"  submitted  just  before  the 
cloae  of  the  last  fiscal  year  and  transmitted  for  publication  in  bulletin  form 
early  in  the  present  year.  By  reason  of  the  highly  technical  character  of 
the  matter,  composition  was  necessarily  slow  and  proof  reading  laborious; 
but  the  matter  is  now  all  in  type. 

The  Natick  Dictionary,  compiled  from  the  Eliot  Indian  Bible  by  the  late 
James  Hammond  Trumbull  (noted  in  the  last  report),  is  still  in  the 
printer's  hands,  though  nearly  ready  for  publication. 

In  connection  with  the  collection  of  Iroquoian  myths,  Mr.  Hewitt  has 
continued  recording  the  vocables  and  working  out  thegrammaticstnictiire 
of  the  langu^es  spoken  by  several  Iroquoian  tribes.  Some  of  the  results 
of  the  work  will  appear  in  his  memoir  on  comparative  mythology  now 
practically  ready  for  the  press;  others  are  in  condition  for  incorporation 
in  future  reports. 

As  already  noted,  Mr.  John  R.  Swanton  spent  the  entire  year  in  collect- 
ing linguistic  material  in  British  Columbia.  The  languages  of  this  district 
give  promise  of  special  importance  in  their  bearing  on  questions  of  tribal 
mifn^tions  and  intertribal  relations.  Mr.  Swanton  has  not  yet  taken  up 
the  preparation  of  his  material  for  publication. 

The  work  on  the  Diccionario  de  Motul,  described  in  the  last  report,  is 
still  under  way.  A  considerable  portion  of  the  manuscript  in  Maya  and 
Spanish  was  transuribed  by  Miss  Jessie  E.  Thomas  during  the  year,  and 
Seflor  Andonaro  Molina,  of  Merida,  Yucatan,  is  engaged  in  furnishing  an 
English  translation  and  in  extending  the  vocabulary  through  personal 
acquaintance  with  the  Maya  tongue. 


As  indicated  by  the  contents  of  previous  reports,  the  Director  has  for 
some  years  been  engaged  in  developing  a  system  of  anthropolog'c  classifi- 
cation designed  primarily  to  serve  as  B  basis  for  the  researches  in  the 
Bureau,  though  it  is  hoped  that  the  system  will  be  of  use  to  the  students 
of  the  Science  of  Man  throughout  the  world.  It  was  through  the  partial 
developuient  of  this  system  that  recognition  was  led  first  to  discrimination 
of  the  human  activities  and  later  to  the  definition  of  the  five  groups  of 
activities  observed  in  the  researches  and  described  in  recent  reports. 
During  the  last  five  years  several  of  the  groups  or  categories  of  activities 
have  l>een  formulated  and  characleri/cd  with  some  degree  ol  fullness.  The 
treatment  began  with  the  arts,  or  esthetic  activities,  and  proceeded  to  the 
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indiutriee,  or  technical  activitiei,  and  thence  h>  the  institations  expmring 
social  activitiee.  During  the  past  year  the  chaiacterintion  wm  extended 
to  languages,  or  the  activities  designed  [or  eipreesioQ,  as  already  eet  lorth, 
and  toward  the  end  of  the  year  the  last  and  moat  complex  of  the  activital 
groupe,  i.  e.,  the  sopbic  activitiee  involved  in  opinion,  together  with  myth, 
f&ith,  and  the  more  refined  and  ennobling  products  of  mentation,  was 
taken  up.  Fair  progress  was  made  in  the  analytical  work,  and  it  is  antici- 
pated that  definite  results  will  be  reported  at  an  early  day. 

During  his  Southwestern  expedition  Mr,  MH3ee  found  opportunity  to 
witness  certain  ceremonies  of  the  Yaki  Indians,  which  were  of  interest 
partly  because  the  tribe  has  been  little  studied,  partly  by  reason  of  the 
prominence  of  zoic  motives  in  the  vocaliuition  and  instrumentation,  as 
well  as  in  the  gestures  and  movements  of  the  ceremonial  dance.  In  por- 
tions of  the  ceremony  each  actor  impersonated  an  animal.  He  worea  head- 
drees  (not  extended  into  a  mask,  as  amoi^  more  northerly  tribes)  consisting 
of  a  scalp,  witli  esm,  horns,  snd  other  appendages  of  the  animal  kind,  and 
leggings  abundantly  decorated  with  claws  or  hoofs  of  the  mme  animal.  He 
carrieil  a  rattle  or  flute,  used  to  imitate  the  voice  of  the  tutelary  or  the 
sound  of  its  movements,  while  lie  imitated  its  notes  ot  alarm,  fright,  pain, 
and  pleasure  with  his  own  voice,  and  miinicke<t  its  corresponding  move- 
ments; yet  ill  other  parts  of  the  ceremony  the  same  actors  passeil  by  care- 
fully graded  stages  into  the  strictly  conventional  movements  of  a  dance 
involving  collective  action  of  considerable  complexity.  Briefly,  the  cere- 
mony seemed  to  be  characterised  by  a  remarkable  combination  of  symbolic 
and  conventional  features,  indicating  an  exceptional  range  from  the  primi- 
tive impersonation  to  the  formal  figures  and  movements  attending  moder- 
ately advanced  culture. 

Mr.  James  Mooney  continued  his  researches  relating  to  the  mythology 
of  the  Cherokee  Indians,  making  good  progress  in  the  collection  of 
additional  material  in  the  field,  as  well  as  in  the  extension  of  compari- 
sons between  the  myths  of  the  Cherokee  and  those  of  other  tribes  and 
peoples.  The  application  of  comparative  study  to  primitive  mythlogy 
is  proving  highly  instructive  and  useful.  In  the  infancy  of  ethnologic 
research  students  were  frequently  struck  by  the  discovery  of  activital 
parallels,  or  similarities,  among  more  or  less  remote  peoples,  and  were 
led  thereby  to  infer  previous  contact,  or  even  closer  relationship,  between 
the  peoples;  but  as  study  progressed  and  new  parallels  were  discovered, 
even  among  the  remotest  peoples  ot  the  earth,  the  verity  of  the  inference 
came  to  be  questioned,  and  finally  the  law  of  activital  coincidences  was 
formulated  as  a  convenient  generalization  of  the  facts  connected  with 
independent  development  of  devices  produce<l  in  the  constant  adjust- 
ment of  the  intelligent  organism  to  its  environment.  At  first  the  law  of 
activital  coincidences  restetl  chiefly  on  industrial  artifacts;  then  it  was 
found  to  have  equal  support  in  the  eflthetic  products  of  various  peoples; 
next  it  was  found  to  have  still  stronger  and  more  direct  support  iu  institu- 
tions, i.  e.,  in  the  devicex  and  features  of  social  organization;  while  i-ertain 
features  ot  language  were  found  also  to  indicate  the  extent  and  efficiency  ot 
coincidental  interaction  t>etween  niinil  an<l  nature  in  shaping  the  octivitai 
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producln.  Hitherto  moet  iDveetigatora  of  mythology  have  been  content 
vrith  discrete  studies  and  explorations,  or,  at  most,  with  exoteric  paralleU. 
Accordingly  tuany  of  them  have  stopped  with  the  inference  of  former 
contact  or  kinship  on  which  the  students  of  industrial  artifacts  rested  a 
quarter  century  ago,  i.  e.,  their  studiee  were  such  as  to  bring  out  reeem- 
bUnc«8  among  the  mythic  eyetems  examined,  but  not  Buch  as  to  delect 
and  properly  emphasise  the  eesentjal  diflerencee.  Now,  Mr.  Mooney's 
comparisons,  although  not  exhaustive,  are  sufficiently  general  to  permit 
discrimination  of  the  exoteric  coincidences  from  esoteric  motives  in  the 
myths.  Accordingly  they  clear  the  way  for  the  application  o[  the  law  of 
activital  coincidences  to  primitive  mytholt^y,  if  not  to  sophiology  in  gen- 
eral. The  greater  put  of  the  material  completed  for  publication  has  been 
incorporated  m  the  memoir  on  "Myths  of  the  Cherokee,"  mentioned  in 
the  last  report. 

Another  comparative  study  of  myths  has  been  carried  fo^^■a^d  by  Mr. 
J.  N.  B.  Hewitt;  and  this  iuvestigation  is  noteworthy  in  that  the  compari- 
sons are  confined  to  a  limited  group  of  confederated  tribes  (of  the  Iro- 
quoian  stock)  and  in  that  the  features  compared  are  in  exceptional  degree 
esoteric.  The  myths  were  obtained  at  first  hand  and  carefully  recorded 
and  verified  in  the  aboriginal  terminology,  after  which  literal  and  free 
translations  were  made,  so  that  each  chapter  of  the  work  is  at  once  a 
linguistic  record  and  the  best  obtainable  version  of  the  ancient  traditions. 
Now,  it  is  noteworthy  that  most  of  the  similarities  found  thus  among  the 
several  Iroquoian  myths  are  rather  external  than  internal,  rather  superfi- 
cial than  essential,  and,  concordantly,  that  the  more  important  differences 
are  primarily  internal,  i.  e.,  more  directly  connected  with  concept  and 
motive  than  with  ritual  and  emblem.  The  voluminous  material  was  prac- 
tically ready  for  the  press  at  the  close  of  the  fiscal  year  and  has  been 
assigned  to  the  Twentieth  Annual  Report 

During  the  closing  months  of  the  year  Dr.  Fewkes  was  employed  in 
suinmoriEing  his  own  observstions  and  those  of  others  in  the  Pueblo 
region,  with  the  object  of  presenting  an  outline  of  Pueblo  mythology.  As 
noted  in  eariier  reports,  the  Pueblo  region  is  arid,  and  hence  infertile  and 
harsh  as  an  environment  for  human  inhabitants,  and  the  harshness  of 
environment  is  curiously  reflected  in  highly  differentiated  beliefs  and  cere- 
monies, BO  that  the  Pueblo  region  as  a.  whole  may,  perhaps,  be  regarded 
asasophic  province,  i.  e.,  a  province  defined  by  a  distinctively  typical 
series  of  myths  and  faiths.  Uood  progress  was  made  in  the  work,  which 
was  not,  however,  completed  at  the  close  of  the  fiscal  year. 

In  addition  Ui  the  inquiries  connected  with  the  classifieation  of  the 
languages  of  Mexico  and  Central  America,  Dr.  Cyrus  Thomas  gave  con- 
tinued attention  to  the  hieroglyphic  records  of  the  inscriptions  and  sculp- 
tures of  Yucatan  and  interior  Mexico,  materially  supplementing  and 
extending  his  paper  on  calendric  Hysteme,  now  in  type  as  a  part  of  the 
Nineteenth  Annual  Beport.  He  mode  some  progress  also  in  the  prepara- 
tion of  a  final  mecnoir  on  the  codices. 

Although  setioiwly  handicapped  by  ill  health,  Mrs.  Matilda  Coxe  Ste- 
venson continued  the  preparation  o(  her  memoir  on  the  ceremonies  and 
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myths  of  the  Zufli  Indians.  A  portion  of  th«  inanasmpt  was  tnibmittod 
(or  editorial  revimon  in  May,  and  the  renuuning  chapters  were  reported  as 
nearing  completion  at  the  end  of  the  fiscal  ye«r. 

Ab  noted  in  the  lAst  report,  on  exceedingly  valuable  acquisition  was 
made  through  Miss  Alice  C.  Fletcher  in  the  form  of  the  Pawnee  ritoal 
known  as  the  Hako;  but  on  arranging  the  material  for  printing  certain 
breaks  were  found  which  seemed  of  such  importance  as  to  warrant  post- 
ponement of  publication  pending  further  efforts  in  the  field  to  complete 
the  ritual.  Accordingly  Mias  Fletcher  revisited  Oklahoma,  and  afterward 
brought  her  principal  informant  to  Washington,  where  the  record  was 
finally  completed.  The  ritual  is  remarkable  for  ext«nt  and  completenMS, 
for  the  clear  light  which  it  throwR  on  archaic  customs  and  beliefs,  and  for 
the  systematic  and  harmonious  development  of  the  muracai  and  terpmcho- 
rean  features.  The  original  record  was  obtained  by  aid  of  the  grapho- 
phone,  and  this  record  was  then  written  in  words  and  musical  noladon, 
and  afterward  verified  by  repetition.  On  the  whole  the  ritual  ie  one  of  the 
most  complete  ever  acquired  by  the  Bureau,  and  is  in  every  way  worthy 
to  be  regarded  as  a  type  of  aboriginal  ritualistic  production.  The  final 
arrangement  of  the  material  was  nearly  complete  at  the  dose  of  the 
fiscal  year,  when  the  work  was  interrupted  by  Miss  Fletcher's  temporary 
absence  from  the  dty. 

DBSCRIpriVE   BTHNOLOQY. 

During  the  earlier  portion  of  the  year  Mr.  F.  W.  Hodge  continued  the 
preparation  of  the  Cyclopedia  of  Native  Tribes  in  connection  with  edi- 
torial work,  his  progress  in  both  lines  being  highly  satisfactory.  On 
January  31  he  resigned  his  connection  with  the  Bureau  to  accept  a  posi- 
tion in  the  office  of  the  Secretary.  The  Cyclopedia  material  was  then 
turned  over  to  Mr.  Mooney,  who  has  made  KOme  progress  in  preparing  it 
for  publication. 

During  the  earlier  months  of  the  year  Col.  F.  F.  Hilder  was,  by  tem- 
porary transfer,  engaged  in  making  collwtions  in  the  Philippine  Islands 
under  the  auspices  of  the  (iovemment  Board  of  the  Pan-American  Expo- 
sition. After  his  return  he  resumed  his  duties  as  ethnologic  translator 
and  continued  the  transcription,  translation,  and  annotation  of  an  early 
Jesuit  manuscript  history  of  Texas,  obtained  through  the  instrumentality 
of  the  Bureau,  but  now  preserved  in  the  Library  of  Congress.  The  sketch 
was  found  rich  in  important  ethnologic  data,  and  the  anonymous  author 
was  identified  by  Colonel  Hilder,  through  collateral  information,  as  Padre 
Morfi.  The  work  was  nearly  completed  when  brought  to  a  premature 
end  by  the  sudden  death  of  Colonel  Hilder  on  January  21. 


As  usual,  the  several  collaborators  engageil  in  field  oi>erationsmailf  more 
or  less  extensive  collections  for  purposes  of  study  and  for  ultimate  transfer 
to  the  C  S.  National  Museum.  The  largest  collection  of  the  sort  was 
made  by  Mr.  MKie«  aniong  the  Coiiipa  Indians.  It  coiiiprieed  domestic 
utensils  of  wood,  stone,  and  clay;  several  Ixiws  with  arrows;  war  weap- 
ons; complete  suits  of  women's  apparel;  cradles;  decorative  and  symbolic 
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objects  of  ahell  uid  bone;  flutes,  rattles,  etc.,  tt^ther  with  the  chief  veg- 
etal food  products  used  by  the  tribe,  the  collection  being  sufficiently 
complete  U>  permit  the  construction  of  one  or  more  life-eiie  xroaps.  The 
moet  elabomte  war  weapon  is  of  int«reet  in  that  it  ia  designed  to  serve  at 
once  as  standard  and  spear  and  in  that  the  sharpened  point  for  the  latter 
uae  is  at  the  inner  end  of  the  shaft,  eo  that  the  weapon  illustrates  the  cen- 
tripetal movement  of  lowest  culture  rather  than  the  centrifugal  arm 
luovement  characteristic  of  advanced  culture.  Smaller  collections  were 
made  by  Mr.  Mooney  among  the  Cherokee  Indians,  by  Mr.  Hewitt  among 
the  Iroquoian  Indians  of  Canada,  and  by  Dr.  Rufeell  in  Arizona.  A  num- 
ber of  cotlecUons  were  obtained  also  by  purchase  under  the  more  imme- 
diate direction  of  the  Secretary.  Among  these  may  be  mentioned  the 
Steiner  collection  o(  atone  implements  from  Georgia,  which  comprises  a 
large  number  of  types  and  of  which  a  portion  was  obtained  during  the 
last  fiscal  year.  Another  collecl  ion  of  special  note  was  obtained  fnimMaj. 
H.  N.  Rust,  of  Pasadena,  Cal.  It  comprises  several  types  and  numerous 
eianiplea  representing  the  stone  artifacts  of  southern  California.  Advan- 
tage was  taken  also  of  the  opportimity  to  acquire  a  numberof  the  remark- 
ably faithful  Indian  poriraite  executed  by  Mr.  J.  H.  Sharp,  of  Cincinnati. 
A  particularly  instructive  collection  of  obsidian  bladee  (including  the 
largest  known  specimen)  was  also  obtained  during  the  year  through  Mr. 
Nathan  Joseph,  of  San  Francisco,  while  a  tew  particularly  fine  pieces  of 
aboriginal  Alaskan  workmanship  were  obtained  from  Lieut.  U.  T. 
Emmons.  A  small  collection  of  basketry  prodnced  by  the  renegade 
Apache  at  Palomas  was  picked  up  by  Mr.  McGee,  together  with  several 
pieces  of  Pima  basketry  mode  near  Maricopa.  A  small  but  noteworthy 
object  obtained  was  an  authenticated  Bitting  Ball  belt  of  beaded  elk  skin; 
and  half  a  dozen  small  collections  of  stone  impleinents  and  weapons  were 
secured. 


The  property  of  the  Bureau  is  practically  limited  to  (1)  office  furniture 
and  apparatus,  (2)  ethnologic  manuscripts  and  other  original  reci>rd8, 
(3)  photographs  and  drawings  of  Indian  subjetis,  (4)  a  working  library, 

(5)  collections  held  temporarily  by  collaborators  for  une  in  research,  and 

(6)  undistributed  residue  of  the  editions  of  the  Bureau  publications.  The 
fiscal  year  witnessed  little  change  in  the  amount  or  value  of  the  office 
property.  The  accumulation  of  manuscripts  and  other  records  of  original 
work  progressed  steadily;  about  a  thousan<l  photographic  n^atives, 
together  with  several  hundred  prints  and  a  number  of  drawings,  were 
added  to  the  collection  of  illustrative  material.  The  library  maintained 
normal  growth  chiefly  through  exchange,  and  the  numlier  of  back 
reports  was  considerably  reduced  through  the  constantly  increasing  public 
demand  for  ethnologic  literature.  Mr.  J.  Julius  Lund  continued  in  chai^ 
of  the  property  as  irustodian. 


Mr.  F.  W.  Hodge  continued  in  charge  of  the  eilitorial  work  until  his 
resignation  took  effect,  as  already  noted,  after  which  this  work  was  con- 
ducted by  Mr.  H.  8.  Wood.    The  first  jwrt  of  the  seventeenth  report  and 


^dbyGOQl^lC 


84  REI>ORT   OF   THE    BECRETARV, 

the  finit  part  of  the  eiKhteenth  report  were  received  from  the  GoTemtnent 
Printing  Offli'e  during  the  year,  and  thetie,  with  the  second  part  of  the 
seventeenth  report,  have  be*n  distributeii.  I  he  setxind  part  o(  the  eiftbt- 
eenth  report  was  Dot  delivered  up  tothe  end  of  June,  while  neither  of 
the  two  bulletins  of  the  new  eeriefl  was  quit«  complete;  and  the  nineteenth 
report,  though  nearly  all  in  type,  wae  not  yet  ready  for  the  bindery  at  the 
close  of  the  year. 

Mr.  E>e  Lancey  Gill  remained  in  charge  of  the  illustrative  work,  preparing 
copy  for  and  rerieing  proofs  of  the  numerous  i I lusti»t ion b  for  the  eighteenth 
and  nineteenth  reports.  He  also  made  photo-portraits  of  B()rae  two  hun- 
<lred  Indians,  chiefly  membera  of  del^iations  visiting  Washintcton  in  the 
interest  of  their  tribes,  and  developed  a  considerable  number  of  negatives 
made  by  the  several  collaborators  in  the  field. 

WBCROLOOV. 

On  January  21,  1901,  the  Bureau  aottered  a  grievous  loss  in  the  death  of 
Col.  F.  F.  Hilder,  ethnologic  translator.  0<ilonel  Hllder  whh  a  student  of 
ability  and  remarkably  broad  experience,  and  although  his  fonnat  con- 
nection with  the  Bureau  began  only  on  Jnly  1,  IS91J,  be  hail  ma<le  himself 
a  place  among  the  niowt  valued  and  trunted  members  of  the  corps.  A  more 
extended  account  of  his  career  will  be  transmitted  later. 
1  have  the  honor  to  be,  youra,  with  respect, 

W  J  McGre, 
Actiitg  Dired'rT 
Mr.  S.  P.  LANfiLUY, 

Secretary,  SmithMniinu  Iiuiiliition. 
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REPORT    ON    THE    OPERATIONS    OF    THE    INTERNATIONAL 
EXCHANGE  SERVICE   FOR   THE    YEAR   ENDING   JUNE  30, 

1901. 

Sib:  I  have  the  honor  to  submit  the  [ollowing  report  upon  the  opera- 
tJODfi  of  the  International  Exchange  Service  for  the  year  ending  June  30, 
1901: 

The  equipment  of  the  five  rooms  in  the  south  basement  of  the  Smith- 
sonian buililing,  which  have  been  used  exclusively  by  the  International 
Exchange  Service  during  the  last  eight  years,  consiitB  of  such  furniture 
and  appliances  as  are  neceeeary  to  the  work,  chiefly  amo:^  which  are  tiers 
of  upright  bins  opening  in  front  and  occupying  nearly  all  the  wait  space  of 
two  Toome,  into  which  packages  of  publications  for  distribution  abroad  are 
temporarily  placed  until  a  sufficient  quantity  has  accumulated  toconstituto 
a  shipment  to  the  respective  distributing  bureau  of  each,  country. 

Much  space  is  required  for  geographically  arranging  and  for  recording 
parcels,  for  which  purpose  several  large  countera  are  arranged  in  the  center 
of  each  of  three  of  the  rooms  which  are  devoted  to  this  part  of  the  work. 

There  are  also  cases  containing  indexes  and  acknowledgments  and  B 
card  record  of  all  packages  sent  to  and  received  from  each  correspondent, 
coneepondence  flies,  library  shelves  for  current  directories  of  the  principal 
cities  of  the  world,  desks,  copying  presses,  typewriting  machines,  ete. 

The  property  acquired  during  the  year  conusted  principally  of  boxes, 
packing  materials,  stationery,  and  other  necessary  supplies,  costing  in  the 
Bggr^Ste  $2,339.53. 

The  rooms  assigned  to  the  Exchange  Service  have  for  a  long  time  been 
inadequate  to  the  increasing  demands,  but  no  additional  space  was  avail- 
able until  the  recent  changes  in  the  heating  plant  of  the  Institution  made 
it  possible  to add360  square  feetto  the  shipping  department.  This  alteration 
made  it  necessary  to  change  the  bricJi  walls,  construct  an  area  window, 
lay  new  flooring,  and  build  additional  bins.  These  expenses  and  those 
incurred  on  account  of  laying  new  floors  in  the  entire  suite  of  exchange 
ofiices  during  the  early  part  of  the  present  fiscal  year  were  borne  by  the 
Smithsonian  Institution,  and  no  part  of  them  were  paid  from  the  Conttres- 
sional  appropriation  for  support  of  the  International  Exchanges. 

Considering  the  fact  that  almost  every  fast  Htea:ner  leaving  New  York 
for  foreign  pH>rts  takee  a  consignment  of  international  exchangee  from  the 
Smithsonian  Institution,  it  is  not  surprising  that  there  should  be  some 
losses  every  year.  During  the  last  twelve  months,  however,  there  has 
been  but  one  instance  of  either  loss  or  damage,  and  the  year's  record  ia 
therefore  one  of  the  best  in  this  regard. 

86 
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The  event  above  mentioned  occurred  in  Febnury  Iwt,  when  two  itttcm 
of  eschAQgee  deetin^  for  corretipondentfi  in  New  Bouth  Wal<«  went  Asmd- 
a7«d  by  Sre  and  water  in  the  hold  of  the  Bteamahip 
tbMaito  while  loading  at  her  pier  in  Brooklyn,  N.  Y. 
The  oufio  wae  euhavquently  discharged  and  the  two 
caeee  returned  to  the  Institution,  but  upon  exami- 
nation their  contents  were  foand  to  be  anfit  for  uae, 
and  the  United  StatM  Uuvemment  publications 
wer«  Kent  to  the  Sujierintendent  of  Docuroentti  to 
be  rebound,  and  duplicates  were  subcrtitnted.  The 
contributors  of  the  misi'ellBneouB  scientific  publicK' 
tions  were  each  notified  of  the  taote,  as  is  customary 
in  tnich  infltancee,  and  were  asked  to  supply  dupli- 
cates.   In  almost  every  instance  they  complied. 

The  operations  of  the  Kxchange  Service  during 
the  year  are  graphically  shown  in  the  accompanying 
statistical  tablet*.  They  ehow  a  marked  increase 
over  the  transtiiii«ionH  of  tiie  preceding  year. 

The  number  of  correspondents  in  the  United 
States  has  been  increased  during  the  year  by  428  and 
those  in  other  countries  by  1,326.  The  total  num- 
ber of  correspondents  in  the  United  States  is  now 
8,149  and  in  all  the  rest  of  the  world  27,556,  or  a 
giand  total  of  35,705,  the  number  of  countries  par- 
ticipating l)eing  148. 

During  the  year  121,060  packages  of  publitrations, 
weighing  414,277  pounds,  were  rei'eived  (or  transinis- 
sion,  being  an  increase  over  the  previous  year  of 
7,497  pa^L^elB  and  4.286  pounds  in  weiglit. 

The  sum  ot  $24,000  was  appropriated  by  Congrese 
for  the  support  of  the  International  Exchangee, 
being  the  same  as  appropriated  for  the  preceding 
year.  A  iJpecial  effort  is  continually  l>eing  niaife  to 
improve  the  transportation  facilities,  and  fast  mail 
Bteamera  are  eele<-ted  to  carry  exchanges  to  all  part« 
of  the  world  when   practicable.    An  unavoidable 

II  delay  is  always  encountered  when  <lischarging  the 

I  cargoes  of  veiMebi,  and  freight  is  often  <letained  for 

I  I several  days  at  the  ports  of  debarkation,  owing  to 

Ulaeram    illusiraiing     the  confusion    and   inadequate   terminal   facilities. 


other,  iwed  in  tranmitu     |,y  forwarding  small  consignments  of  exchanges  by 
UnTied  Slats*  U>  loreign     exprcHS  instead  of  by  freight,  thus  receivmg  more 


1901,  B>  eoiDDtirwl  with  Mr.  John  C.  Williams,  deputy  collector  of  the  port 
inlton *M onuL'lni!  of  New  York,  was  designated  on  January  30,  1900, 
Ss'^l  heiKhi°of'^lM'  ^  represent  the  Institution  in  the  matter  of  clearing 
2,775  teet.  '     exchanges   received   from   abroad,   vice   Mr.   John 

Qiiackenbush,  deputy  collector,  who  asked  to  he  relieved  on  account  ot 
advancing  years  and  increased  official  duties.    The  efficiency  and  prompt- 
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neea  with  which  Mr.  Williams  has  since  performed  these  duties  are  highly 
satiefactoiy,  and  his  valuable  aervicca  are  mueh  apprecialad  by  the 
Exchange  Service  and  it«  correepondenU. 

Although  the  universal  ayst^m  of  exchanges  ie  now  aupportftd  in  many 
countries  by  official  recognition  and  Government  aid,  there  are  some  which 
have  not  yet  established  official  bureaus  for  the  purpose,  among  the  moat 
important  of  which  are  Great  Britain,  Germany,  and  Austria-Hungary. 
The  free  interchange  ot  publications  between  the  L'nited  States  and  each 
of  these  countries  is  considered  so  important  that  the  Inatilution  haa  for 
many  years  provided  for  the  entire  expense  of  conducting  exchange  rela- 
tions with  each,  even  to  employing  salaried  agents  for  the  purpose.  Meaers. 
William  Wesley  A  Son,  in  Ixindon,  Dr,  Felix  Flugel,  in  Leipsic,  and  Dr. 
Joseph  von  Koroay,  in  Budapest,  Hungary,  repreaent  the  Institution  in  the 
matter  of  exchanges  between  this  and  their  respective  countries.  While 
the  entire  burden  of  expense  for  this  service  has  l>een  upon  the  Institution 
for  nearly  fifty  yean,  the  good  to  the  scientific  world  would  perhaps  seem 
an  ample  reward,  but  it  is  feared  that  the  time  is  not  far  distant  when  an 
equitable  division  of  the  expenses  must  of  necessity  be  insisted  \i\ion. 

The  services  of  many  professional  men  and  of  many  educational  institu- 
tions throughout  the  worl<l  which  have  been  cheerfully  and  gratuitously 
given  in  aid  of  the  service  are  much  appreciated,  and  while  it  is  not  possi- 
ble to  mention  each  name  in  this  limited  space,  it  is  hoped  that  they  will 
consider  this  expression  of  appreciation  as  particularly  applicable  to  them. 

The  war  in  South  Africa  has  necessitated  the  discontinuance  of  sending 
to  Pretoria  the  official  publications  of  this  Government,  but  the  recent 
issues  are  held  in  reser\'e  by  the  Institution  until  such  time  as  they  may 
be  Hifely  forwarded. 

Ammgements  for  distributing  contributions  for  miscellaneous  corre- 
spondents in  Japan  are  still  incomplete,  and,  acting  under  instructions 
received  through  the  Japanese  minister  to  this  capital  in  October,  1890, 
only  such  exchangee  as  are  destined  for  governmental  institutions  and 
individuals  officially  connected  therewith  are  accepted  for  transmission. 

As  yet  no  action  has  been  taken  in  China,  as  far  as  known  to  the  Smith- 
sonian Institution,  with  a  view  to  establishing  an  exchange  bureau,  and 
at  present  only  such  parcels  as  are  a<ldressed  to  the  imperial  customs 
service  and  to  correspondents  in  Shanghai  are  accepted.  These  are  again, 
after  a  temporary  interruption,  distributed  by  the  Zi-Ka-Wei  Observatory 
at  Shanghai. 

Since  the  Biblioteca  Nacional  at  Quito,  Ecuador,  consented  to  act  in  the 
capacity  of  exchange  distributing  agent  in  January,  lOOfl,  eight  cases  of 
exchanges  have  l>een  sent  by  the  Institution  to  the  port  of  Guayaquil,  but 
no  exchanges  have  as  yet  been  received  from  Ecuador  except  by  post. 
This  absence  of  reciprocal  benefit  is  perhaps  due  to  the  difficulty  of  trans- 
portation between  (iuayaquil  and  Quito,  which  it  is  hoped  will  be  over- 
While  in  Europe  unofficially  during  the  month  of  July,  1900,  Mr.  F.  V. 
Berry  was  instructed  to  investigate  the  transportation  of  exchanges  to  the 
United  states,  and  the  terminal  facilities  in  London,  with  a  view  to  both 
the  expediting  of  consignments  and,  if  possible,  the  reduction  of  expenses. 
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Mr.  Beny'B  report  ehowed  conclusively  that  thp  methode  employed  in 
tmneporting  exchangee  between  London  and  New  York  could  not  be 
improveil  upon,  and  that  any  attempt  ti>  hasten  the  difitribution  of  porcela 
throughout  Great  Britain  would  greatly  increase  the  expenne  beyond  the 
limit  that  the  inetitution  was  able  to  allot  to  this  branch  of  the  service. 

Mr.  W.  Irving  Adams,  chief  clerk  of  the  International  Exchange  Serv- 
ice, was  instructed  by  the  SecreUry  to  visit  Italy,  Switcerland,  Aastria- 
Hungary,  and  wichottier  countries  in  Europe  as  he  might  deem  expedient, 
with  a  view  to  the  general  improvement  of  the  service  at  large,  and 
through  personal  contact  to  establish  more  intimate  relations,  if  such  were 
possible,  with  the  several  exchange  Inireaus  and  agencies  in  those  countries. 
Mr,  Adams  railed  from  New  York  on  May  15,  with  the  expectation  of 
being  absent  about  three  months.  His  report,  although  covering  a  part  of 
the  next  fiscal  year,  is  here  given: 

CK.TOBBR9.  1901. 

"Sir:  In  accordance  with  your  instructions  to  proceed)  to  Austria-Hun- 
gary, Italy,  Switzerland,  and  such  other  countries  as,  in  my  judicnient,  might 
be  advisable,  for  the  purpose  of  promoting  theintereiftaof  the  international 
exchange  service,  I  suted  from  New  York  im  the  15th  of  May  last,  de- 
barked at  Antwerp,  Belgium,  May  26,  and  at  once  prucee^Ieil  to  Vienna, 
Austria. 

"Augtria'Hungaiy. — TheK.  K.SIati«tischeC«ntraJUommiaeion,Schwarz- 
enbefggasse  5,  Vienna,  was  designated  as  the  exchange  agency  for  Austria, 
at  the  instance  of  Dr.  Edward  Suess,  president  of  the  Imperial  Academy 
of  Sciences,  and  as  a  result  of  my  visit  to  Vienna  in  1897.  Previous  to 
that  time  all  contributions  from  this  country  for  Austria- Hungary  were 
distributed  through  the  agency  of  the  institution  in  Leipiig,  Germany, 
and  the  importance  of  establishing  independent  agencies  in  Vienna  an<l 
Budapest  was  made  doubly  apparent,  inasmuch  as  the  agency  at  Leipzig 
was  becoming  overburdened  with  work,  and,  furthennore,  the  returns 
were  not  as  large  as  it  was  thought  they  would  l>e  if  se|>ar8tc  agencies  were 
established.  This  theory  has  been  8ul)8taiitiated  by  facts,  and  the  coiitri- 
hutioQij  from  Austria- Hungary  have  gradually  increases!  froni  year  to  year. 

"Prof.  Karl  Theodore  von  Inama-Stemegg,  the  president  of  the  K.  K. 
Statistische  Central  CommiB»>ion,  is  much  interested  in  the  exchange 
service  and  is  disiKwed  to  render  every  assistance  possible.  He  i:heerfully 
assented  to  all  the  (changes  which  I  propose<l  to  him  and  even  volunteered 
to  make  a  personal  effort  to  procure  the  official  publications  of  his  Gov- 
ernment and  the  municipal  publications  of  the  city  of  Vienna  for  the 
Library  of  Congress  and  to  send  them  as  early  as  practicable, 

"The  freight  chaises  (or  transporting  exchanges  froni  Vienna  to  Ham- 
burg, and  vice  versa,  have  xeemed  to  be  excessive,  and  it  was  my  purpose 
to  ascertain  if  consignments  could  not  be  made  by  rail  to  Trieste  or  Fiume 
and  thence  by  staomshipe  to  New  York,  which  regularly  toucl  at  Adnat 
and  Mediterranean  ports.  I  found  upon  inquiry  that  while  the  latte 
course  might  save  the  Institution  perhaps  $50  to  (75  per  annu  tt  t  me 
consumed  in  transit,  owing  to  the  fact  that  the  steamers  in  th  AInat 
service  are  exceedingly  slow,  would  be  nearly  three  times  as  great,  and 
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that  the  efficiency  of  the  aervira  with  Auetria- Hungary  would  thns  be 
seriously  impaired.  I  learned,  further,  that  jnerchants  ueoally  shipped 
their  goods  to  the  United  States  from  European  Atlantic  poris  whenever 
time  was  an  object  to  be  coDeideTed. 

"Under  the  circumstancea  noted  above,  I  bt*  to  recommend  the  continu- 
ance of  the  practice  of  Bending  exchangee  U)  Vienna  and  Badapeet  via  Mam- 
burg  for  the  present,  at  least,  or  until  such  time  as  an  official  exchange 
bureftu  supported  by  the  Imperial  Government  of  Austria-Hungary  shall 
he  provided  for. 

"  Dr.  Joseph  von  Koroay,  director  of  the  statistical  bureau  of  the  city  of 
Budapest,  was  appointed  agent  (or  the  Institution  for  the  distribution  and 
forwarding  of  exchanges  at  the  conclusion  of  my  visit  to  Hungary  in  1897, 
and  has  since  served  in  that  capacity.  Prior  to  my  arrival  at  Budapest 
Dr.  KoTosy  had  been  ill  for  several  weeks,  but  was  then  convalescent  and 
had  resumed  his  official  duties. 

"  Dr.  Julius  Pikler,  hie  anistant,  personally  attends  U>  the  distribution  of 
exchangee,  and  keeps  a  record  of  all  parcels  received  and  forwarded.  For 
this  service  Dr.  Pikler  receives  each  year  from  the  Smithsonian  Institution 
300  kronen— equivalent  to  $60.  On  account  of  his  faithful  and  efficient 
performance  of  duty,  I  beg  to  recommend  that  his  compensation  be 
increased  to  500  kronen,  or  $100  per  annum. 

"The  bureau  of  statistics  has  for  many  years  been  located  in  a  large 
building  known  as  the  "Redoute,"  but  during  the  month  of  September 
was  to  have  been  moved  to  the  city  hall,  where  the  library  of  the  bureau, 
numbering  27,000  volumes,  and  tbe  official  library  o(  the  city  will  be  con- 
solidated and  placed  nnder  Dr.  Korosy's  charge. 

"  In  response  to  my  request,  Dr.  Koroey  promised  to  procure,  if  possible, 
copies  of  all  the  publications  of  the  city  of  Budapest  for  the  Library  of 
Congress,  though  he  feared  that  they  could  not  be  obtained  for  several 
months,  but  would  be  eventually.  He  fully  realizes  the  importance  of 
exchan^ng  publications  with  foreign  countries,  eepecially  with  the  L'nited 
States,  but  regrets  that  other  officers  of  the  city  government  do  not  place 
the  same  value  upon  a  mutual  exchange,  and  for  that  reason  little  provi- 
sion ill  made  for  surplus  copies, 

"  While  in  Budapest  I  made  the  same  inquiries  with  regard  to  re<lucing 
tbe  expenditures  for  transportation  of  exchanges  that  I  did  in  Vienna,  but 
met  with  a  similar  expression  of  opinion,  which  led  me  to  favor  a  continu- 
ance of  the  present  cuslou)  of  using  the  route  to  and  from  Hamburg  on 
account  of  better  service,  though  tbe  freight  rates  are  considerably  higher 
than  by  Adriatic  ports.' 

'Since  my  return  to  Washington  I  learned  that  Dr.  Korusy  addressed  a 
letter  to  the  Secretary  bearing  the  date  ol  July  11,  in  which  he  refers  to 
my  visit  and  to  the  matter  of  inland  freight  on  exchanges.  He  proposes 
to  ask  the  State  railways  of  Hungary  to  transport  exchanges  between  Buda- 
pest and  Fiume  without  charge,  and  will  also  attempt  to  obtain  a  conces- 
rion  from  the  ministry  of  posts  and  telegraphs  to  enable  exchange  parcels 
to  be  forwarded  free  of  postage.  Concerning  this  concession,  however,  he 
has  little  hopes  for  success. 
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"From  Bud&pMtit  waamypurpoaetonextgo  to  Venice,  bat  Be  the  moat 
direct  route  took  me  through  Vienna  I  availed  myself  of  the  opportunity 
of  personally  conveying  my  compliments  to  Dr.  Sueea,  a  foreign  aasocial« 
of  the  National  Academy  of  Sciences  of  the  United  Stateeand  the  president 
of  the  Imperial  Academy  of  Sciences  of  Austria.  The  International  Ex- 
i^hangee  owes  much  to  the  efforts  of  Dr.  guess  in  promoting  its  interests  in 
AuHtria,  as  he  wae  inBtnimental  in  arranging  for  the  agency  in  Vienna  as 
now  constituted,  and  hia  personal  acQuaintance  with  many  eminent  sci- 
entists in  the  United  States  and  hie  visits  to  this  country  from  tinie  to 
time  have  served  to  make  him  an  interested  student  of  America's  progress 

"Bah). — Although  my  principal  official  dati««  in  Italy  were  confined  to 
the  Biblioleca  Nationale  Vittorio  Emanuele  in  Rome,  I  was  favored  with 
the  promise  of  complete  sets,  so  far  as  they  were  available,  of  the  munici' 
pal  publications  of  the  cities  of  Venice,  Bologna,  Florence,  Rome,  Naples, 
Genoa,  Turin,  and  Milan.  The  sincerity  of  theee  promisee  is  proven  by 
the  fact  that  large  consignments  from  Florence,  Bome,  and  Genoa  have 
already  been  received  and  deposited  in  tbe  Library  of  Congress,  while  ad- 
vices are  at  hand  that  other  collections  are  on  the  way. 

"  In  exchange  for  these  valuable  contributions  it  is  understood  that  the 
Library  of  Congress  will  send  to  the  libraries  of  thecities  above  mentioned 
such  publications  of  this  Government  as  from  their  nature  will  be  of  interest 
to  municipal  governments  generally,  and,  among  others,  to  include  the 
reports  upon  Commercial  Relations,  Commerce  and  Navigation,  District  of 
Columbia,  and  the  Department  o(  Labor,  the  Statistics  of  Railways,  Con- 
sular Reports,  and  Statintical  Al^stracts. 

"Count  Domenico  Gnoli,  director  of  the  Biblioleca  Nazionale  Vittorio 
Emanuele  at  Rome,  assured  me  that  all  the  official  publications  of  the 
Kingdom  of  Italy  which  were  available  and  not  possseaed  by  the  Library 
of  Congress  would  be  supplied,  and,  in  my  preeence,  be  gave  instructions 
to  that  efiect 

"  The  International  Exchange  Service  of  Italy — Uflicio  degli  Scambi 
Inteniaiionali— is  lofflted  on  the  second  fioorot  the  National  Library  Build- 
ing, and  is  approached  by  a  stairway  on  the  leEt  of  the  main  entrance  and 
independent  of  the  grand  staircase  leading  to  the  Library.  The  space 
occupied  as  the  office  for  the  exchange  service  consists  of  one  long  room 
well  lighted  and  well  adapted  to  the  purpose 

"The  relationship  of  the  Italian  Exchange  Service  to  the  Biblioteca 
Nazionale  Vittorio  Emanuele  is  similar  m  some  respects  to  that  of  tbe 
international  exchanges  to  the  'Smithsonian  Itixtitution. 

"Signor  Cavaliere  Gio\anni  Oarevini,  the  ihiefof  the  bureau,  showed 
me  many  courtesies  and  gaie  me  everv  possible  opportunity  to  taniiliariw 
myself  with  his  methmls,  which,  though  systematic  and  complete,  do  not, 
on  account  of  the  limited  requirements,  demand  the  same  detail  necessary 
to  ready  reference  as  is  practiced  by  the  Institution. 

"The  sum  of  5,tXK)  lire  is  annually  provided  by  the  National  Library  for 
condnclJng  exchangee,  and  tbe  charges  on  contributions  by  Italian  coire- 
'  spondenla  fo^  foreip'.  distribution  are  preinuM  hy  the  bureau  to  ports  of 
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debarkation  in  other  countries  in  accordance  with  the  conditions  of  the 
BroMels  treaty  concluded  in  18S6.  The  distribution  of  exchanges  in  Italy 
is  not  made  with  the  same  dispatt'h  that  is  considered  by  the  Institution  as 
of  the  utmost  importance  in  forwarding  parcels  lo  addresses  in  this  country 
after  their  arrival  from  abroad.  Instead  of  being  allowed  the  right  to 
frank  exchangee  through  the  mails,  a  privilege  enjoyed  by  the  Institution, 
all  parcels  received  for  each  city  in  Italy  are  forwarded  to  a  single  address 
in  that  city  by  freight  and  are  then  distributed  by  local  means.  This  cus- 
tom, which  wae  doubtless  instituted  in  the  interest  of  economy,  it  seems 
impossible  to  improve  upon  until  the  allowance  for  the  transportation  of 
exchanges  shall  be  sobetanlially  increased,  which,  however,  can  not  be 
expected  in  the  immediate  future. 

"The  proffer  of  Signer  tiaravini  of  his  hearty  cooperation  with  the  Insti- 
tution at  all  times,  to  the  end  that  a  mutual  exchai^eof  publications,  both 
governmental  and  scientific,  may  be  made  more  general  and  effective 
between  Italy  and  the  United  States,  coupled  with  the  many  favors 
bestowed  upon  me  unsolicited,  and  the  assuiance  that  he  would  hold  him- 
self in  readines  at  all  times  to  serve  the  Institntion  in  any  capacity,  were 
reBseuring  of  the  esteem  in  which  the  Institution  is  held  in  the  Kingdom. 

"  Sietiierland. — After  concluding  my  work  in  Italy  I  proceeded  toSwItier- 
land  and  visited  the  cities  of  Zurich  and  Bern,  in  both  of  which  I  received 
assurances  that  all  their  municipal  publications  would  be  sent  to  Washing- 
ton, through  the  Swiss  exchange  service,  as  early  as  practicable. 

"  Mr.  H.  Angst,  the  British  consul-general  for  Switzerland,  is  the  director 
of  the  Swiss  National  Museum,  which  is  located  in  Zurich.  Mr.  Angst  was 
espedally  obliging  and  offered  me  every  facility  for  examining  many  parts 
of  the  building  lo  which  the  public  is  not  admitted,  including  the  shops  of 
the  workmen  and  preparators. 

"This  museum  is  new,  complete  in  every  detail,  and  occopiee  a  most 
desirable  position  in  the  center  of  the  dty,  facing  a  beautiful  park.  The 
architecture  of  this  building  is  unique,  especially  with  regard  to  the 
arrangement  and  finish  of  the  rooms  devoted  to  Swiss  history,  which  are 
made  to  conform  to  the  age  contemporary  with  the  articles  of  furniture, 
implements,  customs,  and  srts,  which  are  appropriately  installed  in  them. 
In  order  to  make  the  construction  of  these  rooms  conform  to  the  many 
interesting  epochs  in  Swiss  history  it  was  necessary  to  dismantle  many 
monasteries,  churches,  and  chateaux,  but  ttiis  has  been  done  with  a  mini- 
mam  of  expense  an<l  with  a  view  to  perpetuating  the  beautiee  of  historical 
architecture,  instead  of  losing  all  semblance  of  ancient  customs  with  the 
decay  and  abandonment  of  old  buildings  which  have  been  discarded  for 
more  modern  structures. 

"The  Swiss  international  exchange  service,  conducted  by  Dr.  Gurtner,  is 
a  division  of  the  biblioth^ue  f(!'d^rale  centrate,  Bern.  For  many  years  it 
has  been  the  custom  of  Dr,  Uurtner  to  send  Swiss  exchanges  for  correspond- 
ents in  this  country  to  Dr.  Fliigel,  the  agent  of  the  Institution  at  Leipzig, 
Germany,  and  In  time  they  were  retorwarded  with  the  German  exchanges 
to  the  Smithsonian  Institution.  This  arrangement  caused  a  duplication  of 
work  and  was  not  in  accordance  with  the  conditions  of  the  Brussels  treaty. 
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I  therefore  eagK^ated  th&t  it  would  be  preferable  to  seod  fature  Swiss  con- 
tributions direct  to  New  York,  prepaying  freight  thereon  to  that  port  in 
the  same  manner  as  the  Hoiithsonisn  sent  this  country's  exchangee  for 
Switzerland  to  the  port  of  Hamburg  free  of  expense.  Dr.  Gurtner  informed 
me  that  there  would  be  do  objection  to  making  this  change,  and  1  am 
pleased  to  report  that  the  new  arranjfenient  has  already  gone  into  effect, 
the  last  consignment  from  Bern  being  nent  direct  to  New  York. 

"The  gracioiii  compliance  with  my  requestu  in  other  cities  tor  copies  of 
their  municipal  publicationii  was  repeated  in  Bem.and  the  volumes  which 
I  asked  for  are  expected  noon.  The  official  publications  of  the  Swiss  Fed- 
eration will,  however,  be  delayed  for  a  time  on  account  of  the  fact  that  each 
of  the  twenty-two  cantons  of  which  the  confederation  is  composed  retains, 
by  law,  certain  rights  concerning  the  publication  and  distribution  of  official 
documents  and  each  cantonal  council  must  act  upon  the  request  which  will 
be  made  to  it  from  Bern. 

"Although  the  population  of  Switzerland  is  small  in  comparison  with 
some  of  tlie  countries  of  Europe,  it  is  relatively  among  the  foremost 
patrons  of  the  International  Exchange  Service. 

"The  French  bureau  has  improved  its  methods  so  materially  since  my 
visit  to  Paris  in  1897,  and  especially  so  since  the  Secretary  had  an  inter- 
view with  Monsieur  Liard,  chief  of  the  libraries  of  France,  last  summer, 
that  I  did  not  think  it  advisable,  or,  in  fact,  necessary,  to  make  any  sug- 
gestions to  the  director  of  the  bureau.  I  called,  however,  as  a  matter  of 
courtesy. 

"Throughout  myentire  journey,  wherever  it  was  necessary  for  me  to  ask 
the  official  aasistaJice  of  the  consular  officers  of  the  United  States,  and  in 
the  case  of  my  call  at  the  embassy  in  PariH,  f  was,  without  exception, 
offered  every  facility  at  the  command  of  this  Uovernment's  representatives 
abroad  to  aid  me  in  accomplishiuK  the  work  prescribed  in  my  ofBcial 
instructions. 

"1  returned  to  the  Institution  on  August  28,  having  been  absent  from 
Washington  three  months  and  fourteen  days. 
"  Very  respectfully,  yours, 

"W.  1.  Adams,  Oiief  CUrk." 

"Mr.  8.  P.  Lanoley, 

"Secretajy,  SmWimmtan  IjutitutUm." 
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of  the  wort  of  llie  Intfrnnli'mnl  Exchange  Service  during  (fte 
fi»cal  i/flir  1900-1001. 
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The  following  tshle  showa  the  number  of  packages  of  exchanges  handleil 
and  the  increase  in  the  number  of  correspondents  each  year  trom  lSd4  to 
1901. 
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The  record  of  exchange  corrMpondents  at  the  close  of  the  year  contained 
%,7m  addreMe«,  being  an  increase  of  1,754  over  the  preceding  year.  The 
following  table  gives  the  number  of  cflireepoDdenla  in  each  country  and 
also  serves  to  illuatiste  the  scope  of  the  nervice: 
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ColombU 
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The  following  fable  ebowB  the  number  of  p*ckagee  forwarded  and  re- 
ceived by  the  sevefxl  bnochee  of  this  Government  during  the  year.  By 
compariaon  with  the  last  report  it  will  be  observed  that  tbere  bae  been  a 
Blight  increase  In  the  number  of  packages  tranemitted  abroad  and 'an 
increase  of  5  per  cent  in  the  number  of  packages  received.  The  contribu- 
tions credited  to  the  Library  of  Congress  were  forwarded  in  accoidance 
with  the  act  of  Congreee  approved  March  2,  1667. 

Slalaarnl  of  Oovemment  ej-rkanga  during  (he  year  1899-1900. 
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Following  ie  a  coinpnrative  atatemtnt  of  exclianf^  tranemuBiona  by  pack- 
ages between  the  Uoited  States  and  other  countries  during  the  years  1900 
and  1901: 

Comparative  Malemenl  of  packaget  receittd  /or  Iratuniisfion  through  tlie  Inter- 
national Exchange  Service  during  the  fi»oal  ytart  ending  June  SO,  1900  and 
June  SO,  1901. 
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Oimfiaraliix  lUdemfnt  iif  )>aduigrji  reeehtd  fw  (raiwniuriun  (Art 
ludlimal  Exchange  tkrvicf,  (tc.^  ContiaiiMl. 
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Comparative  tUUemeni  of  packages  reoeired  for  imiumistum  through  the  Initr- 
naUontd  Exchangt  Service,  rtc, — Continued. 
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The  following  is  s  list  of  the  Smitheonian  correepondenls  acting  as  diB- 
tributing  agentfl,  or  receiving  publications  for  tranamision  to  the  United 
States,  and  of  countries  receiving  refrularly  ezchai^^  through  the  Insti- 
tution: 

Algeria.     (See  France.) 
Angola.     {See  Poriugal.) 
Argentina:  Museo  Nacional,  Biicnoe  Ayres. 
Austria:  K.  K.  Statistische  Central-CommisBion,  Wien. 
Azores.     (See  Portugal.) 

Belgium:  Cummission  Betge  des  ^changes  Jnternationaux,  Rruseele. 
Bolivia:  Odcina  Nacional  de  Inmigraci6n,  EstadMica  y  Propaganda  Geo- 

grdfim,  La  Paz. 
Brazil:  Bibliotheca  Nacional,  Kio  de  Janeiro. 

British  Colonies:  Crown  Agents  for  the  Colonieti,  liondoa,  Kngland. 
British  Guiana.     ('Sire  Brilisb  Colonies. ) 
British  Honduras,     (Ste  British  Colonies.) 
Bulgaria:  Dr.  Paul  Lcverkuhn,  Sofia. 
Canada:  Packages  sent  by  mail. 
Canary  Islands.     (See  Spain.) 

Cape  Colony:  Superintendent  of  the  Stationery  Dejiartment,  Cape  Town. 
Chile:  Universidad  de  Chile,  Santiago. 
China.     (Shipments  suspendetl  for  the  present. ) 
Colombia:  Biblioleca  Nacional,  Bogota. 

Coeta  Rica:  Oflcino  de  DepfWito,  Keparto  y  Canje  Intemacional,  San  Jos^. 
Cuba:  Dr.  Vicente  de  la  Uuardia,  Habana. 
Denmark:  Kong.  Danske  Videnskal»emee  Selskab,  Copenhagen. 
Dutch  Guiana:  tSurinaamsiJie  Koloniale  Bibliotheek,  Paramaribo. 
Ecuador:  Bibliotcca  Nacional,  Quito. 

East  India:  India  Store  Department,  India  Ofhce,  London. 
Egypt:  SociSt^  KhMiviale  de  GiV^raphie,  Cairo. 
Fiji  Islands.     (See  British  Colonies.) 

Fnuice:  Bureau  Fian;aia  des  ^k:hanges  Inlemationaux,  Paris. 
Friendly  Islands:  I^kages  sent  by  mail. 
Germany:  Dr.  Felix  Flugel,  VVilhelinHtra.sse  14,  l,«ipxtg-GohIis. 
Gold  Coast.     (See  British  Colonies. ) 
Great  Britain  and  Ireland:  William  Wc-sley  &  Bon,  28  Essex  street.  Strand, 

London,  England. 
Greece:  Prol.  R.  B.   Hichardson,  Director,  American  School  of  Classical 

Studies,  Athens. 
Greenland.     (See  Denmark.) 
Guadeloupe.     (See  Frai)<«.) 

Guatemala:  Institulo  Nacional  de  Guatemala,  Guatemala. 
Guinea.     (Sec  Portugal.) 

Haiti;  Secretaire  d'Etat  des  Relations  Kxl^^rieureti,  I'ort  au  Princi'. 
Hawuian  Islands:  Foreign  Office,  Honolulu. 
Honduras:  Biblioteca  Nacional,  Tegucigalpa. 
Hungary:  Dr.  Joseph  von  Koriisy,  "Redontf,"   BudapeHt. 
Iceland.     (See  Denmark.) 
Italy:  Biblioteca  Na;tionale  Vittorio  Kmanuele,  Rome. 
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{Sef  British  Colonies.) 
Java,     {fke  Netherlands.) 
Korea:  Packat^eti  eent  by  moil. 
Leeward  lelanils.     (.See  British  Colonies.) 
Liberia;  Care  of  American  Colonization  Society,  WaBhington,  District  of 

Columbia. 
Lnsemburg.     (See  Germany. ) 
Madagascar.     (See  France.) 
Madeira.     (.Slff  Portugal.) 
Malta.      (See  British  Colonies. ) 
MauritiuB.     {See  British  Colonies.) 
Mexico:  Packagee  sent  by  mail. 
Mozambique.     (Set  Portugal.) 
Natal:  Agent-General  for  Natal,  London,  England. 
Netherlands:  Bureau  Scientifiqae  Central  N^rlantlais,  Den  Helder. 
New  Guinea.     (See  NetherlandH. ) 
New  Hebrides:  Packagee  sent  by  mail. 
Newfoundland:  Packages  nent  by  mail. 
New    South    Wales:  Government    Board    for   International   Exchangee, 

Sydney. 
'  New  Zealand;  Colonial  Museum,  Wellington. 
Nicaragua:  Ministerio  de  Kelai^iunes  Kxteriorea,  Managua. 
Norway:  Koiigelige  Noreke  Frederiks  UniverBil«t,  Chriutiania. 
Paraguay:    Care    Consul-General   of   Paraguay,  Washington,  District    of 

Columbia. 
Pereia.     (*e  Russia.) 
Peru:  Biblioteca  Nacional,  Lima. 
Philippine  Islands:  Packages  sent  by  mail. 
Portugal:  Bibliotheca  Nacional,  Lisbon. 
Queensland:  Chief  Secretary's  Office,  Brisbane. 
Boumania.     (See  Germany.) 
Ruasia:  Commission  Russe  dee  ^hangee  Interuationaux,  Biblioth^ue 

Imp^riale  Publiqne,  St.  Petersburg, 
i^aint  Helena.     (See  British  Colonies.) 
Santo  f)omingo:  Packagee  sent  by  mail. 
San  Salva^lor:  Museo  Nacional,  San  Salvador. 
Servia.     (See  Germany.) 

Siam:  Board  of  Foreign  Missions  of  the  Presbyterian  Church,  New  York. 
South  African  Republic:  William  Wesley  &  Son,  28  Essex  street,  Strand, 

I»ndon. 
South  Australia:  Astronomical  Observatory,  Adelaide. 
Spain:  OGcina   para   el   Canje  de   l>ublicacione8  Oliciales,  Cientlficas   y 

Ijterarias.    Scecion  de  Propiedad  lulelectualdel  Ministerio  de  Foments, 

Madrid. 
Straits  .Settlements.     (See  British  Colonies. ) 
Sumatra.     (See  Netherlamls.) 

Syria;  Board  of  Foreign  Missions  of  the  Presbyterian  Church,  New  York. 
Sweden:  Koi^liga  Svenska  ^'etelIHka[>s  Akademien,  Stockholm. 
Switierland:  Biblioth^ue  Fed^rale,  Berne. 
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Tasmania:  Royal  SiM'iety  uf  TasinanU,  Hubort. 

Trinidad,      {tia  Britieh  Culoniee. ) 

Tunifl.     (See  France.) 

Turkey:  Americftn  Board  of  CommiaBioneTs  for  Foreign  Miniona,  Boston, 

Maaeat^hueettB. 
Turks  lalands.     (.S^  British  Coloniee.) 

Uruguay:  Ofldoade  DepAeito,  Repart«y  Canje  Intemacional,  Montevideu. 
Venezuela:  Bibliotcca  Narional,  Canicas. 

Victoria:  Public  Library,  MoHeum,  ami  National  Gallery,  Meltmiime. 
Western  Australia:  Victoria  Public  Library,  Perth. 
Zauzibar:  Packages  sent  by  mail. 

The  diatnbation  of  exrhanitea  to  fore^  countries  was  made  in  1,757 
cases,  282  of  whii^h  coiitaineil  official  documents  for  authorized  deposito- 
ries, and  the  contents  of  1,475  cases  coneieted  of  Government  and  other 
publications  for  miscellaneous  correspondents.  Of  the  latter  class  of 
exchangee  the  number  of  cases  sent  to  each  country  is  ^ven  below. 


30]  New  South  Wale:i 15 

64  i  Netheriands 40 

49  '  New  Zealanil 7 

Nicaragiw 3 


Argentina 

Austria 

Belgium 

Bolivia 

Brazil 25  I  Norway 

BritJi>h  t'-iilonics 13  I  Paraguay 2 

CapeColony 2]  Peru 10 

China 4  I  Polynesia (•) 

Chile 15.  Portugal  18 


Colombia 
Costa  Rica.... 

Cuba 

Denmark 

Dutch  Guiana 

P^ast  India 

Egypt 3 

France  and  ColonieH 164 

Germany 248 

Great  Bnlaiii  and  Irvlaiiil 330 

Greece 1 

Guatemala 2 

Haiti (*) 

Honduras 


Queenslanil.. 

Roumania (*) 

Russia 62 

SalvaiW 3 

(')  ;  Santo  Doitiingo 1 

Servia (•) 

Siam (») 

South  Anxtralia 8 

South  African  Kepublii: (*) 

Spain 19 

Swolen 43 

Switzerland 43 


Taamanlii.. 


Hungary 25  I  Turkey. 

lUly "      " 

Japan 

MexiiHi 

Natal 


2 


I'ruguay 8 

Venezueln 7 

Victoria 10 

Western  Australia 10 

NetberlandH. 


'  Imludf<l 

*  Packages  sent  by  mail. 

'  Includeil  in  transmiesioniito  Great  Britain. 

*  Included  in  transuiiasions  to  Germany, 
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The  following  ia  a  list  of  tlepoatoriee  of  regular  sets  of  United  States 
Government  publications  forwanled  abroad  through  the  Internatjonal 
Exchange  Service  on  July  10,  October  6,  November  23,  1900,  and  on  Jan- 
uary 23,  April  1,  and  May  20,  1901: 

Argentina:  Library  of  the  Foreign  Office,  BiienoH  Ayree. 
Austria:  K.  K.  StatiHtiache  Central-Comiiiimion,  Wicn. . 
Baden:  UniveraitBts-Bibliothek,  Freiburg. 
Bavaria:  Konigliche  HoC-und  fJtaata-Biblinthek,  Munchen. 
Belgium:  Bibliothtkjue  Royale,  BrtunelH, 
Bradl:  Bibliotheca  Nacional,  Rio  de  Janeiro. 
BuenoA  Ayres:   library  of  the  tioverniiient  of  the  Provinre  of  BuenoB 

Ayree,  Iji  Plata. 
Canada:  Parliamentary  Library,  Ottawa. 
Canada;  Legislative  Library,  Toronto. 
Chile:  Biblioteca  del  CongrtMo,  Sanlia)ti>. 
Colombia:  Biblioteca  National,  Boiiotii. 

Coeta  Rica:  OHcina  de  Deposilo,  Iteparto  y  C/anje  Intemacional,  San  IobS. 
Denmark:  Kongelige  Bibliotheket,  Copenhagen. 
England:  British  Museum,  Loudon. 
France:  Bibliothdque  Nationaie,  Paria. 
Germany;  Deutsche  ReichslagM-Bibliothek,  Berlin. 
Greece:  National  Library,  Athens. 

Haiti:  Secretaire  d'Etat  des  Relatione  Extr-rieures,  Port  au  Prince. 
Hungary:  Hungarian  House  of  IJelegateH,  Budapest. 
India:  Secretary  to  the  Government  of  India,  Calcutta. 
Italy:  Biblioteca  Nazionale  Vittorio  Emannele,  Boma. 
Japan:  Foreign  Office,  Tokyo. 
Mexico:  Museo  Nacional,  Mesico. 
Netherlanda:  Library  of  tlie  States  General,  The  Hague. 
New   South   Walea:   Government   BoanI    (or    International    Exchangee, 

Sydney. 
Mew  Zealand:  General  Aasembty  Library,  Wellington. 
Norway;  Departementet  for  det  Indre,  Christiania. 
Peru:  Biblioteca  Nacional,  Lima. 
Portugal:  Bibliotheca  Nacional,  Lisbon. 
Pnueia:  Konigliche  Bibliothek,  Berlin. 
Queensland:  Parliamentary  library,  Brisliane. 
Russia:  Imperial  Public  Library,  St.  Pet^TMhurg. 
Saxony:  Konigliche  Bibliothek,  Dresden. 

South  African  Republic;  Dejiartnient  of  Foreign  Affaira,  Pretoria.' 
South  Australia:  Parliamentary  Libmry,  Adelaiile. 
Spain;  Seccion   de    Propiedad   Inlelcctual   del    Mlnislerio   de  Fumento, 

Madrid. 
Sweden:  Kongliga  Biblioteket,  Stockholm. 
Switzerlanil:  Biblioth^que  F£ii£rale,  Berne. 
~  :  Parliamentary  Library,  Hot>arL 

'Shipments aubeequent  to  Auguat  1,  1899,  Huapciidccl. 
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Turkey:  Minister  of  Public  Instruction,  Constantinople. 

Uruguay:  Oficina  de  Dep6eito,  Reparlo  y  Giuije  Inl«nuicion&l  de  PtibUcs- 

cionee,  Montevideo. 
Venezuela:  Biblioteca  Nacional,  Caricaa. 
Victoria:  Public  Library,  Melbourne. 
Western  Australia:  Victoria  Public  Library,  Perth. 
Wurttemberg,  Konigliche  Bibliothek,  Stuttgart. 

Respectfully  Bubmitted.  F.  W.  Hodob, 

Acting  Curalor  of  Exchanga. 

Mr.  S.  P.  Lanolbv, 

SecrOary  of  the  Smithtonian  Inililalion. 
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Appendix  IV, 


Sir:  I  have  the  honor  to  herewiUi  Hubmit  the  following;  report  relating 
to  the  condition  and  operatione  of  the  National  Zoological  Park  for  the 
year  ending  June  'M,  1901 : 

At  the  close  of  that  period  the  approximate  value  of  the  property 
belonging  to  the  park  was  as  follows; 

Buildings  for  animals $63, 000 

Buildings  for  admiaistratlve  purpoees 14,000 

Office  furniture,  books,  apparatus,  etc 4, 000 

Machinery,  tools,  and  implements 2, 200 

Fences  and  outdoor  inclotniree 25, 000 

Koadways,  bridgee,  paths,  rustic  seats,  etc 74, 000 

Nurseries J,  000 

Horses 800 

Animals  in  zoological  collection 36,  IXX) 

A  detailed  list  of  the  animals  in  the  collection  is  appended  hereto. 
They  may  he  claseiSe<l  as  follows: 


I°d^ 

Forelpi. 

oit^." 

ToWl. 

3SZ 

2S 

71. 

S37 

» 

l« 

1« 

The  acccarione  of  animals  during  the  year  have  been  as  follows: 

Presented 

Purchased  and  collecte<l 

Received  in  exchange 

Bom  in  NaUonal  Zoological  Park 


The  cost  for  purchase,  collection,  and  transportation  of  these  acoes- 
eions  has  been  (4,000.  Besides  this  there  has  been  spent  for  Itooks 
photographs,  apparatus,  and  office  furniture  the  sum  of  (1,100. 
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The  appropriatioQ  Tor  the  National  ZuoIo|pciil  Turk  fi)r  the  fiscal  year 
1901  was  aa  JoIIowb: 

For  continning  the  construction  of  roade,  walks,  bridges,  water  supply, 
Mwerage  and  draini^;  and  for  grading,  planting,  and  otherwise  improv- 
ina;  the  grouniU;  erecting  and  repairing  buildings  and  incloBures;  oare, 
aubeiatence,  purchase,  and  t»nei>ortation  of  animals,  including  salaries  or 
rompcnsation  of  all  iiet-essanr  employees;  the  purchase  of  necefsuy  books 
and  perioilicals,  and  general  incidentHi  expenses  ni>t  otherwise  provided 
for,  seventy-live  thousan<1  ilollara;  one-half  of  which  sum  Hhall  be  uaid 
from  the  revenuee  of  the  District  of  C/olumbia  and  the  other  half  fro 


Treasury  of  the  Uniteil  States;  and  of  Ihe  mim  hereby  appropriated  five 
thousand  dollan*  shall  be  use<l  tor  continuing  the  entrance  into  the  Zoolog- 
ical Park  from  Cathedml  avenue  and  opening  driveway  into  Zoolwicsl 
Park,  including  necessary  grading  and  removal  of  earth:  Provided,  That 
the  unexpended  balance  of  the  amounts,  i^cgret^ting  eight  thousand  dol- 
lars, heretofore  appropriate<l  for  widening,  grailing,  and  rt^lating  Adams 
Mill  road  from  Culuinbia  road  to  the  Zoolo^cal  F^k  entrance  is  hereby 
resppropriatcd,  to  he  expenile<l  un<Ier  the  direction  of  the  Commissioners 
of  the  District  of  Colimioia;  an<t  that  the  control  of  Adams  Mill  road  is 
hereby  vested  in  the  said  ComniiHsionem,  and  all  j)rocee<lings  neceseary  to 

Eurchase  or  condemn  the  land  ne^'cesary  to  widen  said  rofuIaH  authonxed 
y  act  approved  March  third,  eighteen  hundred  and  ninety-nine,  provid- 
ing for  sundry  civil  exi^nses  of  uie  (jovernment  for  the  fiscal  year  ending 
June  thirlietn,  nineteen  hundred,  and  for  other  purpows,  shiul  1>e  taken 
by  said  Cotninissioners.     (Sundry  civil  at^t,  June  ft,  1900. ) 

From  this  the  following  ini proven lents  have  been  made  in  the  buildings 
and  grounds  during  the  year: 

rnjipornn/WrifAofotc.— A  much-nee^ledstnirture  to  accommodate  stnithi- 
oiis  and  other  large  birds.  As  it  was  deemed  inadvisable  to  expend  money 
for  a  permanent  structure  at  this  time,  a  cheap  frame  iKinstniction  was 
used,  the  sides  of  which  were  treated  with  pebble-dash  and  the  roof  made 
of  asphalted  felt  covennl  with  crushe<l  slag.  The  interior  work  of  the 
house  is  heller  in  quality  than  would  be  expected!  from  the  exterior,  the 
(Sgee  being  commodious,  of  good  nmterial,  witli  neat  Hnish,  and  eAch  sup- 
plied with  direct  sunlight  from  a  skylight.  It  is  healed  by  a  steam  boiler 
already  in  the  possession  of  tlie  park,  having  liecn  formerly  U8e<t  in  the 
principal  animal  house.  The  buililing  being  very  low  is  easily  heated  dur- 
ing winter,  but  is  very  hot  in  summer.  Its  internal  appearan(«  is  quite 
satisfactory,  and  the  birds  have  been  much  more  healthy  sin<*  they  have 
been  transferred  to  it  For  diving  binls  two  aquarium  tanks  were  intro- 
duced, in  order  that  their  evolutions  un<ler  water  might  be  seen  by  the 
public.  This  extremely  interesting  feature  might  he  enlarge<l  with  great 
advantage.  To  lie  elfei'tive  the  water  supplying  the  tanks  choiild  be  i>er- 
fcctly  clear  and  limpid.  This  can  only  l>e  ilone  by  means  of  a  good  filler. 
The  cost  of  this  bird  house  was  $3,.W0. 

Myinyca^. — Another  structure  relating  to  birds  has  t>een  ilevised  an<l  the 
construction  l>egiin  <luring  the  pres(-nt  year.  This  is  a  large  flying  (rage,  158 
by  50  by  50  feet  It  is  intendeil  to  supply  the  cage  with  running  water, 
and  it  is  hoped  that  herons  and  other  aquatic  species  may  nest  within 
its  limits.  The  total  cost  of  this  structure  is  estimated  at  t6,200,  only  a 
portion  of  which  will  be  expended  from  the  appropriation  for  1901. 

The  priwipni  nnimaX  hmae. — The  roof  of  this  house  was  repairwl  an<l  a 
portion  of  it  replaced.  Additional  heating  <T>ilB  were  placet!  at  the  north 
end,  and  the  outude  range  of  cages  was  repainted;  all  at  a  total  cost  of  (500. 
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Office  baUding. — The  old  builiiiog  in  wbicb  the  office  of  the  park  is  placed 
has  been,  up  to  the  present  time,  in  a  very  ruinous  state.  In  order  to 
reetonj  it  to  something  like  its  pristine  condition,  the  entrance  ball  and 
large  room  connecting  with  it  were  finished  with  a  brick  floor  and  suitable 
windows,  the  entrance  hall  on  the  second  floor  repaired,  one  of  the  chim- 
neys entirely  rebuilt,  and  an  extra  flue  constructed.  Sevenil  bookcases 
were  built  in  the  library  room,  furniture  was  purchased,  and  several  small 
alterations  made  to  the  outmle  of  the  building.  The  total  coet  of  this 
work  was  $2,200. 

Aquarimn.—it  being  evident  that  the  present  temporary  aquarium 
building  can  be  maintained  in  proper  condition  but  a  short  time,  it  watt 
thought  neceaiary  to  prepare  plans  for  a  new  and  much  more  satis&ctory 
structure.  These  plans,  which  are  very  ela)>oiate  and  complete,  were 
prepared  by  Hesers.  ITomblower  A  Manhal),  at  n  <-ost  of  $500. 

Bridge  Tiear  Quarry  road  enlranee. — Under  the  appropriations  tor  the 
Ihatrict  of  Columbia,  Congress  made  the  following  appropriation: 

For  construction  of  a  bridge  across  Rock  Creek  on  the  line  of  the  road- 
way from  Quarry  road  enltance,  under  the  dire<;tion  of  the  Engineer 
Gommiiwioner  of  the  District  of  Columbia,  twenty-two  thousand  dollars, 
one-half  of  which  sum  shall  be  paid  out  of  the  revenues  of  the  District  of 
Columbia.     (Sundry  civil  act  June  6,  1900. ) 

In  accordance  with  this  provision,  a  bridge  of  concrete,  made  according 
to  the  "Melan"  system,  was  (^instructed  in  the  Zoological  Park,  taking 
the  place  of  the  wooden  bridge  of  a  composite  character  which  was  built 
when  the  park  was  tiret  established. 

Incidental  to  the  construction  of  this  bridge,  the  water  main  that  was 
huhg  upon  the  ol<l  structure  had  to  be  removed  and  relaid  at  the  bottom 
of  the  creek.  The  cost  of  this  work  was  $450,  which  was  defrayed  from 
the  appropriaUon  for  the  National  Zoolt^cal  Park. 

Neti'  paddocka. — Increase  of  the  collection  has  maile  it  neceflsary  to  con- 
struct seveml  new  paddocks  during  the  year,  one  being  for  the  Rocky 
Mountain  sheep,  another  for  moose,  another  for  the  Newfoundland  caribou 
and  mule  deer. 

It  was  found  necessary  U>  separate  the  buffalo  paddocks  by  double 
pnrtitions,  in  order  that  the  males  may  not  flgbt  throt^h  the  partition 

Water  pipes  were  laid  to  the  camel  paddocks,  and  also  to  jirovide  pools 
and  shower  baths  for  the  bison  and  other  animals  during  the  heated 
months  of  summer. 

Repairi  to  boundary  fmef. — The  fence  which  had  been  removed  along  the 
west  and  south  side  of  the  park,  to  allow  graiiing  and  improvement  of 
roads  in  the  vicinity,  has  l)een  reset  during  the  year  and  a  consitlerable 
amount  of  repairs  have  been  made  to  the  fence  in  other  portions  of  the 
park.    The  total  cost  of  these  repairs  was  $300. 

Macadam  muit,— Many  visitors  to  the  park  enter  from  the  western  aide. 
The  board  walk  which  had  been  constructed  to  lead  from  Connecticut 
avenneextended  to  the  central  portion  of  the  park,  through  asliady  ravine, 
became  so  decayed  and  unsafe  that  it  was  necessary  to  repla<«  it.  It  was 
removed  and  a  macadam  walk  laid.    Other  walks  of  less  extent  were 
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made  where  urgently  needed.  The  espeuditurv  for  this  purpose  was 
about  1700. 

Driveway  Jrom  Oalhedrai  awnue. — It  will  \k  noted  from  the  language  of 
the  appropriation  for  the  park  that  the  entrani-e  formerly  specified  to  be 
made  from  Woodley  road  is  now  to  lead  in  from  Cathedral  avenue,  a 
street  recently  ronHtiiicted  along  the  western  tiide  of  the  park.  An  appro- 
priation of  (5,000  was  made,  which  included  the  necessary  grading  anil 
removal  of  earth.  In  pursuance  of  this  provision  of  law,  work  was  done 
on  the  small  dam  ma<le  over  Kook  Creek  near  the  xite  of  the  old  Adams 
mill  in  order  to  Becure  the  hanks  against  high  water  and  U\  permit  the 
stream  to  be  safely  fordeil.  An  itliiatration  showing  this  ford  is  herewith 
appende<l.  Froni  this  point  a  fill  is  being  made  to  connect  this  driveway 
with  Cathedral  avenne.  The  heavy  fill  made  by  the  District  authorities 
along  the  line  of  Cathedral  avenue  ntade  it  neceswry  to  conHtruct  a  ntde 
retaining  wall  at  one  important  point  to  prevent  detritus  from  wMihiiig 
down  and  filling  up  the  road.  The  amount  appropriated  by  the  act, 
$5,000,  has  been  used  upon  the  driveway,  and  the  work  will  Xm  continued 
during  the  next  fiscal  year. 

The  raw  slopes  of  earth  that  will  remain  after  thiedriveway  is  completed 
shoul<l  he  plant«<l  at  onee  with  suitable  shrubn  and  trees,  in  oriler  that  they 
may  be  kept  from  serious  erosion  aJid  to  avoid  the  unsightly  appearance 
which  they  wonlil  otherwise  present. 

Repairing  Toathmye. — The  driveway  from  the  Adams  mill  entrance, 
which  is  more  used  than  any  other  road  in  the  [lark,  has  l^een  reshaped 
and  reMirfaced  with  crushed  limestone.  This  driveway  assumes  addi- 
tional importance  from  the  fact  that  the  District  authorities  have  at  last 
gratled  a  carriage  way  from  Columbia  road  to  the  park  entrance,  thus 
making  the  driveway  in  tlie  park  more  easily  accessible. 

The  main  driveway  throughout  the  park,  from  Quarry  road  to  the  west- 
ern entrance,  haa  been  dressed  with  gravel,  and  the  whole  at  a  i-ost  of  $400. 

The  Klingle  road,  which  skirts  the  nort.h  side  of  the  park,  having  been 
repaired  and  raised  by  the  District  authorities.  It  became  necessary  to  retiet 
the  park  fence  and  raise  the  grade  of  the  driveway  connecting  with  it. 

The  cutting  of  Cathedral  avenue  through  the  western  edge  of  the  park 
maile  it  necessary  to  remove  a  considerable  number  of  evergreen  and  other 
trees  and  shrubs  fonnerly  set  in  that  locality  for  the  purpose  of  a  screen. 
These  trees  were  reset  during  the  hot  summer  months  along  the  roads  anil 
n'slks  in  different  parts  of  the  park  and  the  sliruln  around  the  oflicc  build- 
ing. Considering  the  extremely  unfavorable  weather  when  the  transfer 
was  made,  this  planting  was  fairly  successful.  A  coniuderalile  amount  of 
stock  was  transforre<l  from  the  nuntcry  to  ]>ermaneiit  localities,  and  the 
care  of  the  natural  torej^t  of  the  park  has  been  continucil  as  necessary.  ,  The 
total  co^t  of  tills  work  during  the  year  wat*  $!IO0. 

Cli>Mreii'»  room  at  the  NmiltiiiOHi'm  InHitiititm. — A  small  exhibit  of  lishes 
and  binls  belonging  to  the  National  Zoological  Park  has  l)een  installe<l  and 
maintained  in  the  children's  room  at  the  Smithsonian  Institution.  The 
total  expenditure  for  this  purimse  was  about  $400. 

Niiiidial. — The  sundial  puri'haseil  in  London  by  the  Secretary  from  a  pre- 
vious ap{iropriation  was  set  up  on  the  lawn  near  the  animal  house,  at  a  cost 
of  $100. 
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Gatothie.  engine  nnd  dynamo. — In  the  conne  of  certun  improvements 
made  at  the  Unitwl  States  National  Mueeum,  it  waa  found  that  one  of  the 
gas  en)^nee  there  used  could  bo  dJHpeoaed  with.  It  was  transferred  to  the 
imric  and  adapt^Hl  for  the  use  of  gaeoline.  The  dynaino  connected  with 
thia  fntfine  whh  alHo  transferred  to  the  park.  It  will  Ix!  employed  for  run- 
ninK  lathee  and  other  nei-easary  macliinery  in  the  btackamith  and  carpen- 
ter shop.    The  total  cost  of  this  installation  was  t300. 

Several  important  accessions  haveheenniade  to  thecollectionduringthe 
year.  Awont;  these  area  pair  of  young  lions  from  Honialilanil,  Africa,  pre 
sente<l  by  Mr.  B.  A.  Grow,  a  merchant  of  A<len;  also  a  pair  of  young 
leopards,  presenteil  by  the  Hon.  K.  ii.  Cunningham,  United  States  consul 
at  Allen,  Arabia.  Other  animals  are  expe«'teil  from  this  region,  but  native 
uprisings  in  that  neighborhood  have  doubtless  prevented  further  collec' 

From  Mr.  Perry  M.  DeLeon,  the  United  States  consul-gen enil  at  Guaya- 
quil, was  received  a  kinkajou  and  a  coati  mondi.  Four  sloths  sent  by  him 
unfortunately  diet)  en  route. 

Two  Sitka  deer,  one  of  which  died  en  route,  were  presented  by  Capl. 
Ferdinan<l  Wcsldahl,  of  the  IJnite<l  Slates  Coast  and  (ieodetic  Survey. 

From  Miss  Helen  Hatlielil,  the  daughter  of  Col.  Charles  A.  I'.  HatBeld, 
U.  8.  A.,  of  Puerto  Principe,  Cuba,  several  valuable  birds  were  re<«ived, 
among  which  were  two  flamingos,  a  ruseates|iooni>ill,  and  an  ibis.  Two 
Cuban  deer  were  receiver!  from  Miss  Hatfield  and  Miss  Challie  Kvans. 

A  Lilwrian  eagle  was  preaente"!  by  Mr.  Jamee  K.  Spurgeon,  United 
States  secretary  of  legation  at  Monrovia,  Liberia, 

Mr.  K.  II.  Pluniacher,  United  States  (nnsul  at  Maracaibo,  sent  a  large 
crocoilile.  Through  some  defect  of  dentition  the  atiiiuai  was  unable  to  eat, 
and  dieii  not  long  after  its  arrival. 

Mr.  Solomon  Berliner,  Uniteil  Slates  consul  at  Tenerifte,  sent  some 
Lanzarotte  pigeons. 

Four  Newfomidland  carilioii  were  purchased  through  the  good  offices  of 
Mr.  Martin  J.  Carter,  the  United  States  (n>nsul  at  St.  Johns.  A  peir  of 
young  moowe  were  also  obtained  through  tlie  good  offices  of  Mr.  W.  H.  H. 
(irabam,  United  States  ei>nsul  at  Winnipeg.  These,  however,  dieil  shortly 
after  arrival.  'Ihose  formerly  received  from  Mr.  liraham  still  remain  in 
the  collection.  An  illustration  herewith  appended  shows  the  advancu  in 
growth  of  the  male  moiNw. 

After  long  and  persistent  efforts  a  single  Rocky  Mountain  sheep  was 
obtained  from  western  G>lorailo.  It  bore  the  transportation  (rum  its 
native  haunts  very  well,  and  is  at  the  present  time  in  good  condition.  The 
annexed  representation  of  this  interesting  animal  was  made  for  the  park 
by  Mr.  M.  I.  Keller. 

Most  of  the  States  have  now  enatteil  rigid  game  laws  preventing  the  col- 
lection or  transportation  of  mountain  sheep,  mountain  goats,  or  other  rare 
animals.  It  seems  desirable  that  this  legislation  should  to  so  modified  as 
to  permit  the  collection  and  transportation  of  animals  for  the  national  col- 
lection, which  was  founded  with  the  express  object  of  preserving  these  rare 

Aspecimen  of  the  comparatively  rare  sea  lion  of  Steller  was  also  purchaseil. 
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Capt.  Wirt  Robinaon,  U.  B.  A.,  and  M.  W.  Lyon,  jr.,  who  went  to  Vene- 
zuela in  the  intereflt  of  the  United  Stat«a  National  Moseuni,  obtained  a 
peccary,  three  corassowe,  and  four  ^uana. 

Meaara.  Palmer  and  Riley,  of  the  National  Museum,  obtained  specimenB 
of  Cuban  cnxrodile  and  geveral  other  animale. 

In  previous  repoHa  attention  hae  been  called  to  the  urgent  need  for  a 
new  house  for  elephants  and  other  pachydermatous  animals.  The  present 
structure  is  merely  a  temporary  shed,  built  in  an  emencency,  and  expected 
to  last  but  a  few  yeare.  It  ie  now  in  such  a  condition  that  it  must  be 
strengthened  in  order  to  hold  up  the  roof  and  make  it  safe  for  occupa- 
tion. It  IB  extremely  cold  in  winter,  tlie  teroperHture  frequently  falling 
to  40°  and  even  lower.  It  will  have  to  be  sheathed  during  the  present 
season  in  order  to  vairy  the  imimals  throniih  the  next  winter.  A  bouse 
suitable  for  elephants,  rhinocefoses,  hippopotami,  tapirs,  and  other  animals 
of  this  character,  is  considered  an  etnential  in  all  properly  equipped  zoolofp- 
cal  earderts,  and  it  would  seem  to  tw  necensar^'  to  erect  such  a  structure 
before  any  attempt  in  made  to  collect  animals  of  this  charactor.  One  t^eat 
disadvantage  tliat  the  park  has  always  had  is  that  the  animals  were  pro- 
cured before  buildings  were  ready  for  Ihem.  It  would  );eem  wiser  to  plan 
and  erei-t  the  structures  and  afterward  procure  the  animals  for  them. 
'  The  ne«is  of  the  park  with  reference  to  a  suitable  bird  and  reptile  house 
were  mentioned  in  the  laat  annual  report.  A  new  structure  of  this  kind 
should  be  built  in  order  to  keep  the  animals  in  proper  condition.  Many 
snakes  are  lost  from  lack  of  proper  sunlight.  It  is  impoRsible  to  keep 
lizards  at  all,  and  it  is  ueelei«  to  attempt  to  exhibit  turtles  and  other 
reptiles  under  the  conditions  at  present  prevailing. 

A  large  cage  for  eagles  should  be  built  in  some  suitable  locality  in  the 
park,Bs,since  this  bird  has  been  selected  as  the  national  emblem,  it  would 
seem  that  it  should  be  made  an  especial  feature  in  a  national  collection.  At 
present  these  binls  are  kept  in  a  rickety  |>en,  huilt  of  scantling  and  covered 
with  wire  netting.  The  magnlQcent  harpy  eagle  from  Bnzil  is  confined  in  the 
low,  temporary  bird  house,  where,  in  summer,  it  is  extremely  hot.  There 
is  no  suitalde  cage  for  the  fine  Liberlan  e^le  received  during  the  present 
season.  All  these  birds  need  a  large  and  commodious  cage  where  there  is 
sufficient  room  for  short  flights.  Unless  this  is  done  they  are  liable  to 
injure  their  feet  by  pounding  down  upon  their  perches,  and  many  fine 
birds  have  l>een  permanently  injured  in  this  manner.  A  similar  cage 
shonld  also  Iw  Imilt  for  the  California  condor.  This  great  bird  presents  a 
most  striking  appearance  when  allowed  to  spread  its  vast  expanse  of  wings 
in  flight,  but  when  sitting  upon  its  perch  seems  much  hke  the  minor  mem- 
bere  of  the  vulture  family.  It  is  expected  that  several  additional  speci- 
mens of  this  condor  will  be  received  during  the  coming  year. 

Another  important  improvement  that  sliould  be  made  is  the  construction 
of  a  suitable  pond  for' sea-lions  and  seals.  The  large  pond  which  was  con- 
structed for  that  pur[)OBe  is  found  to  lie  altogether  too  muddy  for  use  by 
these  animals,  as  when  allowed  to  swim  at  will  in  it  they  soon  suSer  from 
sore  eyes.  They  are  actiinimodated  at  present  in  small  and  unsatisfactory 
basing  in  the  old  bear  enclosures  near  the  lluarry  road  eutrance. 

Besides  tlie  losses  by  death  which  have  been  already  referred  to,  several 
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others  HhouM  be  meDtioned.  An  interesting  epeoimen  of  Baird's  tapir, 
about  three  months  old,  ivi-eived  from  Lieut.  Roger  Wellea,  jr.,  U.S.  N., 
(lied  al)out  twenty  days  after  iweipt.  Wlien  rei^ived  it  was  Buffering 
from  indi'Teation,  and  in  spite  of  all  efforte  it  never  recovered.  Very  prob- 
H.bly  it  wi     taken  t<xi  younjt  from  its  motlier. 

-An  old  bison  died  from  malnutrition,  having  lH«n  sicif  and  feeble  for 
0Ome  time.  A  lionesfl  difd  as  a  eonsequence  of  iliOicult  parturition.  Two 
■Virginia  deer  were  killed  by  a  xavage  buck,  and  four  mule  deer  died  from 
eome  defet^t  of  nutrition.  The  fine  rebu  bull  preBenled  by  Mr.  SUrin,  in 
1891,  finally  succumbed,  apparently  to  old  age.  An  old  elkauda  sea-lion 
died  from  the  same  cause. 

Lista  of  tile  aulmala  in  the  park  at  tlie  elose  of  the  fixcal  year  and  of 
axscesBiotiu  froni  various  eourues  are  hereto  appended. 

Anitaait  in  Natioruil  Zoological  I'nrk  Jatte  30,  1901, 


Amerknn  bison  (tliimi  nmcriraniH). 
I'ron«-"i«r„    antelope    (AntUoeapn 

amtrien,^^  

flof»-  Mou„[^n  Bbeep  lOnU  ««* 

Vi  Wf '  nl*  ai^r(  Oilocoatut  vlrffbiiaHui) 

<^'"^"''^r((M««a™.p.) 

>ineriea„  ^^^  |q™« ™«»fe«.i.)  ... 

jjcwlouo^l^j    i«ribou    [Sangifcr 
""^try-raei  

t»o'^'-'i.t^,a,agricaniu'i 

Oce*°^(fr:iij.pardaIU) 

ru'™'*i*fBc™™tor) 

Or^JWOlf  ^cOHitiupui  grlKo-aOnitl. 
gla<:1t  Wolf  (tUniilKpiMIirMm-o'fc'M) 

Coyote  (cv>n«.toJniM) 

fied  (ox  (  i-^pf, pcHiuvleanitiu)  .... 

j^TcUuIox  (mfpfd'W''' 

gvllt  lox  (  VuliKivclia) 

j4ortti  Amcrlcsii  otler  {Litir 

umlra) 

j^nierlckn  badger  ( litrtrfm 

iean'^) 

Klnknjou  I  JWm  courf(ro(™i. 
j^ni*'^"  <■"""  " "'  ' ""       ' 
W«) 


t/orlh  Amerltan  ijifcic»— Cunllliued. 
Qray  e<iaIEinunJi  (Naana  nariea) ... 
Ruccciun  ( /VucjKm  bilor) 

Ciniminoii  bear  (  Una)  amerieanut) 
Grlzily  bear  (t'riiuilorrAflii) 

i'olftr  bi'sr  (  Thalaniot  marilimuM)  . . 
Calir<im1a  km  Hon  {Zalopliiu  rolitOr- 

ElenvfatenlioniJiumaopiiuilelltri): 

Harbor  aeal  { Flu/ea  viluHiut) 

ComiDon    pockel  gopher   (Oeomyi 

CAlilomlA  pockiA  gopher  {Thomompa 

AmerlcjUi  beaver  { (^oMirr  ffrntwitnfbt) . 
IIuUa.ci)ngK((tipronir>pi{vriik<) ... 

Wowlchuck  lAnioiayt  nionai) 

PniirLv  dog  (CVowy  Uutmiciantu)  ■ 
Fox  w|iilrrel(.Sn"un«K(g(r) 

Mountain  vblpmunk  ( Tbmiiu  ijxei- 

Thlrleen -lined  upennophlle   (Sptr- 

mophilHg trtdtdmUnrtituB)  ....-..-. 
KaiJIak   gruund   squirrel  {Spfrmo- 

phOutempelrakafliakemit} 

Becchey'B  (tround  squirrel  iSixmio- 

phUul  grammum  bwcliryil 

Yellow-heoded      ground     ngulnel 

iapermopliilut  brtrica-advt) 

Antelope  chipmunk  (l^imiuiphaHt 
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■  AHH  A  la— con  tloued. 

S-trth  Amrriemi  iptriet— 


n  m{oi 


ConUnued. 

{D(Uft>rucla  it 


NortheTfi     vmrylng     hare     (L€jmt 

FMm  armiulllln  {ma  itoirmriniia) . . 
Oposaum  {Vtdelphytrirffiniana).,^.- 

Dometliraltd  and/areigH  iprda. 
Purple'fated  monkey  {liemnopUhe- 


Qrlrf  t  monkey  ( OrropiliffiuitriteB- 

rtrtddl 

HsIbmUGk   munk«y  {{.treopil^mu 


monkey  (Mamnii  c 


Moore 


lai.™.). 


Black  ape  {i'ipu>pWicnttioeT) 

BlHck  apldGr-mimkey  iAMa  oKr). . 
ApelU  monkey  (Ct*B»  apcUa].....,. 

CaiHichin  {Oint  fapHrimu) 

CebUi.  iindclermined 


I  (ftKiJn 


TiKtr  {Hill  llgru) 

tfopard  ( nilt  pardat} 

Spotlcd  hyciw  (Hgmia  crocvla) . 


Wfre-halredtoicierrter...., 

EBklmocloK 

MonKOOne  {Uerpritrt  muitgo)  — 

Tayra  ( Goiirti"  bariiara\ 

Ked  roaUmundi  (A'ojun  rxt/a) ... 
Crab-esllng  nwcoon  (iYocvon  n 


Conilnucd. 
European  hedgchoo  ( BriniKtf  niru 

(""") 

Indian  (mil  bat  ( PtrrDfiM  mrdiM )  . 

Wild  hoar  (.fMBTTifti)  

Soltrt-hootiil  |il)t  ySHttm^) 

Whlle-llplied  pecisry  (TbyniaiKUM- 

Zebll  ( Rw  itvtimt) 

Vak  { l\iepltagma  gnamim) 

Barbary  sbeep  ( ftrlt  tr^tgHapJtu*) . , , 
r'ommongoat  {  ni|>ra  Atfrruf}  ...... 

<^hDIere  goat  ( iXipra  Urraa) 

Nylgbal  I  KxrlnpAuii  tngaramdiu)  . 


Philippine  deer  lITnia  pUttppiniu-, 

Common  camel  (thmrftu  rframfifa- 

Hm) 

Battrianramr1(rbin'(B>Aiv<ridn>i>>. 

UnmuiAnrhnlngiamn) 

I  laplr  I  Ttat'trtunmrT'- 


TndlRn  ok-phant  { KUphiit  Iwlifut) . . . 
Cnvlcil  Bgoull  I  Daiypiwla  triilala  I . 
ttHtry-nimped  a«niili  {l>a*viiror1a 
prt/miuiloplia) 


OuinraplKC 
'  .  Sli-bandedai 


"-' 

laiU'. 

k..,«.« 

iM.r 

..,.. 

Bn.»h 

r.Hk  kantn 

™" 

"'- 

Ro«d 

Biiini. 

ndif 

„,.. 

Siilph 

-7 

i«i  ox-kalo. 
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BIRDS— conliQued. 
l-eadbeatefs  cockaloof  Omttna  liad- 

bmlerty   

Ratieite  cockatoo  {Cacataa  rtiiriai- 
Pilni    . 

""'•'«> 

Red  anrt     yellow  and  blue  macaw 

iArn  wjTOno) 

K€fd  anti    biuo  macaw  (.iracAtorop- 

Wa) 

Green  p^roquel  (CJMiirtitsp.) 

C«rolino.     puroqufl  (OmHrtu  cnnW(- 

aurinmUiatn)  

Wtilta-froniert     amaam  (Amaiona, 

te«eoc*rj)Anto)  

poiible    j-etlow-head(^iiiaiotiaora- 

trtx)  

McB'r  atnazon  {Amamajarlnota)., 
<.jrciiLhori,edowMBii6o»(n;(Hicmw}. 
Barred  o\t|  (i^iium  itrti(to«iii»).... 

B«rnowl  (SfriipnKincota) ^ 

Bal*lea«l©(i|-aju«/«»J™n>MiiAai™|.! 
H^iPy  eaglellVosKdnAatTO'a)....! 

Golden  Kns\K  {An«.Ua  chruixtoi) 

crowned  hawk-eagle  (SpimiK™  cor- 

anattiM)  

Bcd-talleil  hawk  iBvlBiborealit)....' 
Sbarp-ahlnned  hawk  {Aecipaert^r^ol^ 
l^geoii  hawk  [Faico  nrfumiartut) ... 
CalttomlB  condor  (OjmiHOiwp*  cati- 

Joniantu) 

Turkey  vuliure  {CailtarUt  aura) , . . . 
Black  vulture (CaWartjfaaimta).... 

King  vtillurc  (Cujinffua  P"!") 

Laniarotie  plgecn  ((Wum*o (ina) .. 

lUngdove  ((WHmtapc^7^Bl^B") 

Chachalaca  fOTialitrtl<damiu:raaii). 
fle<l-lalled  guan  (Orto/i*  rafcnwla)  . 
Bulous-beiiied  guan  {Peaetirpt  rrit- 

lata) 

Bed  billed  curassow   (Wcu  rar«ii- 

DaObentoD'a  curamow  iVraz  Am- 
bfiloni) 

fce«»er  raior-billed  curassow  {Mitua 

Unnentonj 

8M  1901 S 
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Muunlainpaniidgef  Orrortyi  piri'U). 

Whooping  crane  (Orv)  ainerieana) .. 

(SroeD  heron  (Ardea  nractna] 

Llltle  blue  heron  {ArrUa  canilea).,. 
(ireat  blue  heron  (Ardat  Acmd'ai) .. 
Black-ciowQed  night  heron  {Hyeti- 

forax  ayftifona  Hxvtus] 

Scarlet  Ibla  {Oaarri  rubra) 

Boalblll  (CboWmriiuKwfifeart™).... 

Roseate KpoonbJU  fAj<tJanjajal 

American  flamingo  IPhantcojileru* 


WhlBlliugBwanfOJorcofamiuiHiu).. 

Mule  swan  {Cvenai Bibbai) 

Branl  |  Bronta  fcrmicta) 

Canada  gooac  IBmulacanadtiuii)  .. 
Hulchlni's goose  IBniixlatajiailentit 

huichiniii) 

Chinese  goose  ( Aitter  eggnirtdei) 

Mandarin  duck  (Dmdntnata  gcaer- 

ieuMa) 

Plnlall  [Da/Oa  aiula) 


l^kinduckU 
Mallard  duck  < 


Hip.).. 


e  duck  {Deadroq^gna 


diKObrr) . 
American  w bile  pelican  IPcUcanu 

erylliTorligMlioi) 

Brown  pelican  [Pelecaimi/uicm)  - 
Florida  cormoranl   [Plioiaeroevra. 

dUophua  ftoHdanaa) 

Snake  bird  (AnMnga  an/tiiiga) 

Common  rhea  iShea americana)  .. 


.,C.oo^\c 


Tcrmfdu  (iViuteiNKi nft.) 

linpber  turtle  (AVrii6iifric|i'i^i>|>ibi'Hiic<l 

Box  lorloiHc  iC'Miirfu  mnAliia) 

Thnv-Kiwl  lux  lorlolK' !''''<'"''<'("'-  { 

llilnU-Hl  Ikix  I(>rlo1iw  ((MHdnMnntn) 
Uiinmn   iHlnml    timulsi!   (TMiiifu 

qihi}ipiam} I 

Allwnuirlu  Isliind  Inrtiiist' (  TMihJu  ; 

Hr/Hn) 

Braitlini)  toruiiin'l  TVrfNifu  lalmlaM) . 
niilHlcil  iKIlann  {C'i/rlHrafnTim\ta>.. 

AlllRAlor  llmiil  ( Srrfuii"rHi<  rp. ) 

lluniol  MzHnl  inrsataama  mnm- 
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iiond  nillL'Ki 
'.  (Vippsrhettil  I  An' 


AnamiiilH  (Btmirln  mnritiHi 
Bait  rativ  {l^lnt'iAumgl  M 

B1wkiiiiiikc(/{iunii'iHiHraNi 
K  siinkp  { Oiiiihiiliu  gttnlti 


,  Gtiplier  wiuke  (Hpilit 


UK>j«rd 
Oi-ckit . . 


(  of  iffOteiniW  far  lliffiixyil  yenr  wlnig  June  .10.  1901. 
ANIMALS  I'RKSENTKL). 


Mb.  A.  L.  Burlier.  WdshlnKluii.Ii.C... 

l.iwil.RriKerW.-llps,]r..l'.S,.S 

R.A.QrcKH,  Ailirli.  AMhiii 

E.  S.  Ciiiinlnglwid,  I'nltrd  Hliit<»  i 

.    Rmr- Admiral  J.  <(.  Walker,  t'.S.N.  . 
Thomait  W.  Crldler,  Third  A»<iBlBiii 

J.R.Edd>-.Wii«blngiun,D.C 

Fmnk  <1.  HhBlble,  Fri.t>[Kiri.  11! 

.    lUlwanl  Fox  And  John  Ttirnliull,  Cnn 

.   J.  a  Uale,  Uunwiivlllo,  N.  H 

WnlkliiN.WwIiiiiEloii.U.r 


.     IN>II< 


fliinwoii 


.    I'erry  M.  Be  Leon,  United  Si 
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Raccoon 

Albino  raotvmn 

Slack  bear 

Olniumon  fcea, 

UsrlDor  sen.1 
European  hedgehog... 

Commoti  teoal 

Sltkade«r 


.1  The  Frcsldentol  (tie  United  SUt<«... 
.[  Donor unlmoon 

..  Mark  Lulley,  riufcalov  Arli 


Cuban  deer 

OrS!"<qutrre|.. 


.|  J.U.Hurin.NewYDrk 

.1  a.S,MI1Icr.]r.,Wai>h<iigton,D.C 

.!  CharlmW.Buhler.Wasliinglon.D.C.. 
.]  CBpt.F«rilHiandWeiild»hl,U.8..l'«*.-(i 
I      Burvey. 
.'  UlH<HelenHiiine1<IaiidMi>«Ch>i]lleE 

.1  O.F.Footi-.WashlngloTi,  D.C 


a  Oeodfllc 


Do 

Spermophlle 

Btigllab  rnbblt 

Conure 


OrcDt  horned  owl .. 

patnowl 

parrudowl 


gcTCech  owl  .... 
American  ospre; 
pifceonhawk... 
puck  hawk  .... 
SaKlCBKle 


IW.. 


filiBfP-'hlnned  hawk . . 

Turkey  vulturv 

{^iizaroitt- p|^(w, 

Bed-«lle<I  gu«n 

|4tgbl  heron 

l,|Ule  blue  heron 

^blK'bla 


Bamuul  RiHi,  WHFhttlKIon.  D.  U 

MfwLocllwiiod.WaKhinglon.D.C 

R.L.MrUiiIre,Wai<hlnftl<in,  D.O 

R.H.Siirgent.r.B.GL'ologiralMurver 

MlnOlgaSmolianlnon.WsHliliiglon.D.C.. 
Ml«  Florence  Slevena,  Washinglon.  D,  C . . . 

Mh.  Mary  O.Clarke,  Washington,  D.C 

J.  p.  Miller.  Washington.  D.  C 

£.  W.  aiork,  Washington,  D.  C 

W.F.INjtrB,WMhing[loii,D.C 

J.C.YoM.Waiblngton.D.C 

ClnrkuMlddlelon,  Washington, D.C 

A.  H.NMwlBOn,  Orlando,  Fla 


N.  lt,Wond,WaiiMnjnon,D.C 

J.C.F.  Kellan,Cep«Chftrie«.Va 

W.W.Holtoii.ThePlalnmVa 

E.  M.  I>uncan,  Sanlbel,  Fla 

J.  R.Spurgeon,  United  SutesSvcrelary 


W,R.V.aaylon,  Annapolis,  Md.... 
IntBrlukand  A.D.Aveiy.Mlddlet' 
Mlu Mabel  Keenan, Brentwood, D.i 
Mrs,  Anderson.  Washington,  D.C... 


L.M.Nieholson.  Orlando,  Flfl 

...do 

lias  Helen  Hattield,  Puerto  Principe.  Cuba . . 

1.  M.  Nicholson,  Orlando,  F  la 

Il«- Helen  Hal  Held,  Pneno  Pnnclpe,Cuba  .. 
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lAa  of  aecatimaftir  thefincal  year  ending  June  SO,  1901 — Continuw). 

ANIMALS  PRESENTED— Coo  Unued. 


E.  H.  Plnmacber,  Ualled  States  €i>niiu 
Vencinela. 

C.A.Nlcl.Wuhlnf[lon,D.€ 

Mm.  Cahlen,  Wulilnglon,  D.C 

Wlllla  Lanier,  Wkxhlwiton.D.r 

C«pt,Johnahmw,WMhlD([lon,l>.C...- 
JohnH.BrilU,  Clinton.  Uo 


E.  Mejenberg.  Pcroe.  Tex. . 


W.  W.  Wllinn.  Florcnre,  Arii 

Juhn  V.  Delwller.  New  Smyrna.  Fit 

L.  W.  Purjn Ion,  Banner,  Kails 

Ocor^e  Van  Gucder,  Rlvenlale.  M<1 

R.  Q.  Palue.  WuhlDRloD,  D.C 

Vfeu>rMtndpltlI.WgBhin(i(iiii,I>,C 
Miw  Jewie  RoberU,  Polomu.',  Md  . 

E.T.Carrli'O.Stlthloti.Ky 

C.R.Reublu.Waiihiniiloti.U.C    ... 

J.Ashbwh,Jea.u[«.Md 

h.  W.  forlnlon.  Banner,  KaiM 

F.  C.  BoRtorli.  Baltimore,  Md 

E.  T.  Carrlco.  Slllhtim.  Ky 

R.ti,  Paine,  WaihluKiun.U.C 


ANIMALS  LENT. 


Macaque  monkey '  C.J.Trevitt.W«8hlrBloii.D.C 

PiR-lal led  monkey W.F.M.Kfng,  Washington,  D.C 

Capuchin Tb<H.W.Cridler. Third  AssisIaDtiiiiTeiaryol 

Do M.C.RoessIcWaiirilnglon,  D.C 

Redrox T.H.Rudd,Wa*hiDgloD.D.C 

Red  and  blue  macaw Thoa.W.Cridler.  Third  A*mani  Scerelaryiil 

Yellow-naped  amamn Mrs.  A.  B.  WIlllamB,  WnBhlngion.  D,  C 


:iVED  IS  EXCUANUE. 


Green  mnnlie>- 

CebUD,  undclennined . . . 
Raccoon.. 


.   K.  S.  Sctamld.  Waahinglun,  D.  C 

.    Mi»iRachelWeeuiB,UpperFalKMd.. 

.,  E.S.Schmid,Waibinglon,D.C 


Indian  antelope '  William  BarleK  New  Ytirk 

Bactrtan  camel F.  C,  Boalock.  Indianapolis,  \ni 

Bnub'lalled  rock  kangaroo. I  William  Barteln.Kew  York.... 
Qreai  hornedowi     '  E.S.SchmId,  Washlnglon.D.C 
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JMtof  armMionaJor  the  Juad  year  ending  June  SO,  1901 — Continued. 
ANIUALS  RECEIVED  IN  EXCHANGIi^-CoDllnued. 

Name.  I  Donor. 

Bald  eagle I  E.S.Schmid.Wa^lnpoti.D.C 

Redtaired  hawk do 

Kingtulturo '  F.C.BoMnck.Baltlmnre.Md 


A  nimah  purrhiued  and  collrded. 


Guinea  baboon  (Papio  »p},mx) 

O<telot  I  hWa  pardalin) 

Swiflfox   {V«lpe»veloj:)..., 

American  oiter  {Lutra  hudgmika) 

American  bailger  { Tojntlea  wnterioma) 

Cwio'niHtle  ( Biuaarifcug  astula) 

Black  \iea.r  {  Ur»uft  amerieanut) 

Cinnamon  liear  {  C'tiiu^  umericaniu) 

Alankan  bear  (  fr»u*sp.) 

Bteller'a  sea  lion  ( Euntttupian  tuUeri) 

CollaretJ  peciary  ( Tayatgu  anguUilu»)   

Amencan  Ijjgon  ( Bimn  atnerUnniu) 

B'X^ky  fclounUin  sheep  ( Oci»  conndeiMw) 

Prong,  jj^^  antelope  { AntUocapru  americana)  . 

Viflfinia  ,(gg^  (Oilonideuii  virginiantts) 

Mule  d^^^  {OdocoUeut  macrotia) 

>ewrout)flaini  caribou  (Rangifer  novx-terrx) . . 

^\°^  i  Mm  ajneririima) 

.*r     "Squirrel  (.SfiiinuidwTeu*)  . 


Bifhai^ij^jjij^  spermophile  {iSpfraiophilus  Ttchardmrni) 

Kailial^  spermophile  (SpermophUv*  napelm  tadiaki-iifiU)   . 

Cana,!^  porcupine  (Eretki20U  <h»-gatae) 

Three-toed  Blotb  lBrad}^mglrid<u-tylu»)  

tin»t  horned  owl  {Bubo  firginianiut) 

B»"T^  owl  (Symiiim  nebtUonim) 

Bftl'^i  «^le  ( IlalUeetia  Uuojcep)icUivi) 

Red-taii^i  hawk  (Buieo  I/ore. ali») 

plairk  vulture  {CatliariMa  atraUi) 

Red-tailed  guan  (Ortalix  rujkauda) 

Paubenton's  curaHtow  (Vnu  daulmilujii) 

gaixlhill  crane  ( (!ru»  mericana) 

Oreat  blue  heron  {Anlea  herodiai) 

jiniu  {Oromieu*  novw-iwUandUe) 

Cuban  crocodile  (CrocodUwi  rliomU/er) 

Brazilian  tortoise  ( Tegtudo  tiilnihUi) 

(^ouinioa  boa  (Boa  cv/aUrUior) 
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Anunali  bom  in  the  National  Zmiiiiginil  Park. 

Lion  {FelU  ko) 

Gray  wolf  {Gma Input  yriiot-aUMf) ... 

Coyote  ( Cani*  latrang)  

Blue  fox  (  VtUpe*  lagopue) 

American  bison  (Biton  americamu) 

Zebu  {Bot  indiCTu) 

Cash uiere  goat  {Qipra  hircuK) 

Nilghai  {Bimelaphut  Iragocamfliin) 

Amerimn  elk  (Orru*  cajiarfrtwia) 

Virginia  deer  ( OdocoiUtu  rirginiaiirw) 

Mule  deer  ( (khcoUeiu  macrolh) 

Llama  ( Aurhenia  ghima)  

Hutia-conifa  ( Oapromyn  piti/ride*) , 

Prairie  dog  ( Ciptomyt  liuloncuinui') 

Acoucliy  ( Dagyprofta  ai^uchy) 


Animals  on  hand  July  1,  1900 839 

AcceMJone  during  the  year 318 

Total 1,157 

Deduct  loM  (by  exehan)^,  death,  and  returning  of  animals) '279 

On  hand  June  30,  1901 878 

Rfepet-tfutly  eubmitt^. 

FuANK  Baker,  Supfriiitendftii. 
Mr.  H.  P.  Lanoi-ev, 

Secretarif,  SiiiiiluKiniaii  Inttiluliint. 


lib,  Google 


Al'PBNDIX   V. 

REPORT  OF  THE  WORK  OF  THE  ASTROPHYSICAL  OBSERVA- 
TORY FOR  THE  YEAR  ENDING  JUNE  30,  1901. 

Sih:  The  kiods  and  amounte  of  Uit!  Observatiiry  jiroperty  are  approxi- 
mately as  iollows: 

BuitdingB $6, 300 

Apparatuj- 31,300 

Library  aud  rewirdH 5,601) 

Total 43, 200 

During  tho  pai^t  year  the  a^'qiiiiiitions  of  proiierty  uf  tint  kindf  just 
enumerateil  have  been  as  follows: 

(a)  Appiiniiw. — Astrononiiial  and  physii«l  apparatus  ban  U^ti  pur- 
chased at  an  expenditure  of  $1,300. 

(b)  Lihmnj  and  Tenrrih. — The  UKUal  periodicals  have  been  continurd, 
and  various  books  of  reference  have  been  pureha.-^M.I  at  a  total  coHt  uf  f200. 

Tota^ accessions  of  pro[>erty,  $1,500. 

The  ObHer\'atory  initlosnre  hoe  been  enlarged  Ui  ineUnie  al)oiit  11,000 
square  feet,  as  asaiust  lesc  than  6,000  Bi|uare  feel  tonnerly.  The  cost  of 
fencing  the  grounilH  as  thus  enlar)^  nas  $400. 

Losses  of  property  have  Ix-en  slight,  ami  consist  in  the  usual  wear  ami 
tear  and  breakage  of  apparatus,  aniutmting  in  Hggrcgaie  to  $50. 

The  Work  of  the  Obskhvatory. 

For  convenience  the  work  of  the  Obwenatciry  may  lie  des»eril>ed  under 
the  following  headings: 

1.  FublicBtionii  and  miscellaneous  work. 

2.  Progretu  of  invextigatious. 

3.  EclipHC  expedition  to  Sumatm. 

(1)  PMiratiimi  nnd  muvcllaiieoiiii  ivork. — As  woa  stated  in  my  last  year's 
report,  Volume  I  ol  Annals  of  the  Astnphysical  Olwrvalory  was  llu-ii 
being  issuciL  Owing  to  <lilli<-ulty  in  oblainiug  satipfai'tory  reiirodm-tions 
of  rlate  XX,  the  actual  distribution  of  the  eilition  was  ilelayeii  while  fur- 
ther efforts  were  made  tii  improve  this  plate.  New  <!Opii'B  of  it  were  prc- 
]iarc<l  and  euhniitted  to  the  engravers,and  it  was  only  in  Man'li  and  April 
of  the  present  year  that  the  edition  was  finally  Itound  up  aixl  ilistributed. 
In  the  effort  to  include  as  thoroughly  as  puAiible  the  names  >if  tliose  to 
whom  tlie  book  would  be  valuable,  (misitlerable  time  was  s|H'iit  in  prepar- 
ing the  mailing  list,  Iiut  it  is  even  yet  possible  that  some  iiersons  much 
interested  in  astrophysical  work  may  have  l»een  overli><ike"i  by  inadvert- 
ence, but  as  there  still  remains  a  |>art  of  the  edition  appli<:ations  for 
copies  will  still  be  considere<l  liere. 

Iltt 
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Inasmuch  aa the  Aid  ActinginChargeuolMthectutodiuiof  thephyedcxl 
AppantoB  of  the  Stnitheonkan  lostitution,  he  was  concerned  in  the  fitting 
up  of  the  new  instruinent  room  in  the  south  tower  of  the  SmilhsoDiAD 
building,  and  in  the  arrangement  of  the  apparatus  there. 

A  ronxiderable  amount  of  the  time  of  the  Junior  Asiatant  wbh  otTupicd 
in  the  preparation  ot  enlarged  representations  of  tlie  boli^irapttii!  results 
appearin^cin  Volume  I  of  the  "Annals"  for  use  by  the  Hecretary  in  describ- 
ing these  resultH  to  various  learned  sodetieti,  and  alM>  for  exhibition  at  the 
Buffalo  Kxpoflition. 

(2)  pTiiffTfu  of  mmtigatvm» — Adjmlmmt  of  aypaTafu*. — From  my  last 
year's  report  it  will  be  apparent  to  how  gre«t  ""  extent  the  Olwervatory 
apparatiM)  was  removeil  to  North  Carolina  tor  use  in  observing  the  solar 
eclipse  of  May,  1900.  It  will  therefore  be  underrfood  that  no  little  time 
was  consumed  in  again  settii^  up  and  accurately  adjusting  the  apparatus 
for  work  here. 

Radiation  of  the  moon.— The  first  ofaservatjona  made  were  upon  the  radi- 
ation of  the  moon.  Them  observations,  whose  general  result  was  ftiven  by 
anticipation  in  lost  year's  report,  in  connection  with  the  discussion  of  the 
Iwlometric  work  on  the  corona  during  the  eeli|ifle,  called  renewed  attention 
to  the  fact,  so  apparent  in  your  bolonietric  work  at  Allegheny,  that  much 
the  larger  proportion  of  the  radiation  we  receive  from  the  moon  is  the 
radiation  proper  of  the  lunar  soil  rather  than  the  direct  reflH'tion  of  solar 
rays,  but  that  this  properly  lunar  radiation  varief  exceedingly  in  amount, 
depending  on  the  amount  of  moisture  in  our  atmosphere.  Thus  the 
directly  reflecteii  portion  of  the  whole  lunar  radiation  receivwl  at  the 
earth's  surface  may  vary  froni  20  to  40  per  cent,  according  as  our  air  is  dry 
or  humid.  It  may  be  mentioned  tliat  certain  amilar  obt<ervations  made 
by  the  Aid  Acting  in  Char^  while  upon  the  eclipse  exjiedition  tu  Sumatra 
indicated  that  quite  40  per  cent  of  the  lunar  rays  received  in  tl^t  moist 
climate  are  those  directly  reflected  from  the  sun. 

hUramen-ttrinl  plaueli. — Inasmuch  as  the  results  of  the  photographic 
search  for  new  planets  conducted  at  the  eclipee  of  May,  IHOO,  werefully 
described  in  last  year's  rejmrt,  it  will  be  mmecei«ary  to  refer  to  theni  here, 
more  than  to  say  that  the  comparison  anil  reduction  of  the  eclipse  photo- 
graphs for  this  purpose  really  formed  part  of  the  w<irk  of  this  preecnt  year. 
It  was,  hoK'ever,  deemed  desirable  to  again  photograph  the  same  region  of 
sky  witli  the  tens  employed  at  that  eclipse,  and  apparatus  was  set  up  and 
used  for  this  purpose  in  January  ol  the  prencnt  year;  but  satisfactory 
results  had  not  been  obtaineil  when  it  l>ecame  neccwary  to  send  the  ap|>a- 
ratus  to  Sumatra. 

<Salr»nomfler. — The  sensitive  galvanometer  menlioned  in  my  last  year's 
report,  ami  from  which  the  greatest  uselulneHS  is  expecleil,  has  alieorlieil 
considerable  attention;  and  although  progress  has  not,  owing  to  other 
occupations,  as  yet  iwaseil  beyonil  an  experimental  stage,  it  is  yet  so  satis- 
tai;tory  as  lo  ileserve  a  preliminary  notice.  By  way  of  introiluction  atten- 
tion is  drawn  to  the  distinction  between  the  (>)mpute<I  setisif  ivenei«  of  a 
galvtmoiiieler  and  its  actual  or  working  sensitiveness.  In  the  older  prac- 
tice of  perhaiw  twenty  years  ago  the  most  sensitive  galvanometers  had 
needle  systems  of  several  hundred  milligrams  weight,  and  tliey  were, 
owintc  to  tlieir  great  inertia,  customarily  used  with  a  tinie  of  single  swing 
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as  great  as  ten  or  ev«n  twenty  seconda.  Thus  it  became  costomaiy  in 
describing  the  senBitiveiie«8  of  a  Kalvanoraeter  to  refer  iu  eensitivencBi  t» 
a  time  of  single  swing  of  len  eeuonds.  Within  the  past  decade  the  gal- 
vanometer needle  eystema  of  highest  senaitiveneea  have  become  relatively 
microscopic  in  size  and  now  frequently  weigh  no  more  than  ime  or  two 
thoutandlhi  of  (I  gram  iliiv  lo  ftnir  milHonlhii  of  a  jjotiwi) .  These  systenia 
are  often  far  more  sensitive  with  a  lime  of  single  swing  of  onty  one  or  two 
seconds  than  the  t)eet  galvanometers  of  twenty  yeant  ago  at  a  Ume  of  single 
swing  of  twenty  seconds.  With  a  needle  system  practically  undamped 
either  by  air  resistance  or  induction  currentj^  the  sensitiveness  is  propor- 
tional to  the  Bijuare  of  the  time  of  swing,  so  that  the  sensitiveness  of  a 
needle  system  at  ten  seconds  single  swing  would  on  this  basis  be  a.  hun- 
dred times  that  which  it  would  have  at  a  one-second  swing.  Thus  it  arises 
that  the  computed  sensitiveness  of  these  light  systems  runs  perhaps  thou- 
sands of  times  as  great  as  that  of  the  systems  of  twenty  years  ago.  But 
it  must  not  be  forgotten  that  owing  to  the  increased  disturbance  from 
mechaniial  jarring  and  U>  the  extreme  potency  of  air  resistance  with  these 
light  systems  they  lan  not  in  general  be  usefully  employed  at  even  half 
so  long  a  time  of  single  swing  as  ten  seconds;  an<l  in  the  second  place,  if  it 
were  indeed  possible  to  use  them  at  a  ten-second  swing,  it  would  be  found 
that  the  sensitiveness  was  jierhaps  not  niore  than  ten  instead  of  a  hun- 
dre<l  fold  greater  than  at  one  second.  Thus  comiiarisons  of  senativeiiess 
b-ised  oQ  a  ten-second  single  swing  are  entirely  unfair  to  the  older  instni- 
nients,  which  could  be  an<t  were  eiuployed  at  the  time  of  swing  used  at! 
the  basis  of  comparison,  and  hence  had  a  working  sensltivenesa  far  more 
nearly  comparable  with  that  of  the  present  day  tlian  their  <-oniputed  sensi- 
tiveness would  indicate.  In  consequence  of  this  unfairness  it  has  recently 
become  common  to  speak  of  tite  sensitiveness  at  ten  seconds  dortblf  swing, 
a  condition  at  which  galvanometers  are  now  sometimes  actually  useil.  At 
this  Observatory  this  change  of  the  basis  of  comparison  has  not  heretofore 
been  a<lopted.  It  must  not  be  inferred  from  what  has  been  said  tliat  the 
advance  made  in  the  last  twenty  years  in  the  construction  of  galvanom- 
eters is  belittled,  for  the  reduction  iu  the  time  of  swing  for  the  same 
degree  of  sensitivenees  is  a  most  valuable  saving  in  time  and  chances 
of  error,  and  for  automatic  reconling,  as  in  l>olograpliic  worli,  is  wholly 
indispensable. 

In  the  past  two  years  the  design  of  galvanometer  needles  has  been  a  sub- 
ject of  iiiui^h  investigation  both  ex |>eri mental  and  theoretical  at  this 
observatory,  and  it  is  believe<i  that  the  results  arrived  at  mark  practically 
the  limit  of  prol>able  progress  in  llie  way  of  obtaining  pensitiveness  at  a 
given  short  time  of  swing  of  a  neeitle  system.  By  this  1  mean  that  it  is 
improbable  that  a  galvanometer  can  ever  be  constructefl  of  a  given  resist- 
ance which  when  employeil  at  one  second  time  of  a  single  swing  shall  give 
very  appreciably  greater  deflections  for  given  currents  tlian  will  such  a 
galvanometer  as  can  lie  constructed  with  the  aid  of  the  knowledge  now 
attained  here.  In  other  words,  the  time  for  increase  of  computed  sensi- 
tiveness by  tens  anil  hundre<ls  of  times  with  each  newly  constructcil 
instrument  has  passed  away.  In  wliat  has  been  said  I  do  not  wish  to 
claim  peculiar  advantages  forourgalvanometer,  for]  understand  that  boih 
in  this  country  and  abroad  practically  the  same  results,  as  regards  com- 
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puted  HenBJtivcnesB,  hav«  rtcently  been  rcai/lied  l),v  several  physkiste 
imlependeDtly,  which  strengthene  the  view  thai  little  further  ftilviuice  in 
this  liireetion  in  likely. 

But  the  uxeful  or  working  genHitivenew  of  a  eatvanonieti>r  in  another 
matter,  and  liy  the  Bvetetu  of  snjiport  an<i  inaKtietic  ("hielding  desoribeil  in 
my  laxt  year's  report  grest  advanti^'  has  b<¥n  fcaini<<l  in  thin  already,  anil 
Htill  lietter  rexuIlK  are  hoped  for  hy  still  other  improvements.  I^et  me 
I'learly  indicate  how  profcrctts  in  working  wnaitiveneHs  may  Im>  contiistent 
with  astandftiil  in  computed  senfritiveneiw.  The  spotnf  light  reflected 
(nun  the  mirror  n(  the  galvanometer  needle,  which  should  l)e  <iuiet  when 
no  current  is  IteiiiK  ol)Herveii,  is  always  making  slight  excursions  Ujion  the 
smle,  and  these  flui-luations  prevent  readings  of  enrrent  defle<'lions  to  l)e 
maile  of  lera  than  a  certain  minimum  amplitude,  for  tliey  then  tiecome 
indistingidiihahle  ajnimp  the  accidental  deflections  just  mentioneil.  J^et 
ns  nowsnpiMwi'tliat  theaverntti' of  airidental  deflections  should  berediicwi 
by  l>ett«r  eliminaliou  of  ground  tremors  and  m^^etic  fluctuations  from  a 
millimeter  to  a  tenth  of  u  ndllimeter  on  the  Hcale,  then  it  is  apparent  that 
ten  times  the  working  sensitiveness  is  attained.  But  let  uh  suppose  that 
further  improvement  in  these  n-sfHi'ts  is  found  pos8il>)e.  Jt  is  hardly 
prflcticahle  to  rcail  the  iHtsitlon  of  an  unlinary  spot  of  light  more  accu- 
rately than  to  the  nearest  tenth  millimeter,  so  that  little  pn^n'eas  would 
directly  result,  but  the  time  of  swing  of  the  needle  might  lie  profitably 
increased.  Then,  however,  the  effect  of  air  damping  would  siMtn  become 
Ko  prejudicial  as  to  stop  advance. 

We  are  now  in  position  to  state  generally  the  methods  employed  anil 
the  results  attaineil  anil  ho()e<l  for  here  in  this  matter  of  increasing  the 
working  sensitiveness,  Tlie  aim  of  all  efforts  is  to  make  it  possilile  to  read 
deflections  to  ft  tenth  of  a  nnlliuieter  on  a  scale  at  3  meters  with  «u  actual 
time  of  single  swing  of  ten  wH-onds. 

In  the  flnrt  )dai-c  it  has  been  sought  to  rethn-e  the  mechaniial  tremors  of 
the  galvanometer  diu:  to  the  city  trattic;  and  for  this  purposi-  the  elal>orate 
|>ier  ami  suspensiun  system  descri1>e(l  in  niy  last  year's  re|>ort  was  con- 
structeil.  In  theseiimd  place  it  has  lx?eu  allempleil  to  reilu<v  the  prejudi- 
cial effects  of  these  and  otiicr  niechani<-al  disturbing  factors  which  still 
n-niain  to  jar  theneedh^  itself.  TofuUy  understand  what  hasl>ecn  planned 
fur  this  purgMMe  it  should  l>e  stateil  that  in  ailditiou  to  such  nie<'hanical 
tremors  as  have  already  lieeu  referred  to,  it  has  Ix^n  found  that  the  sound 
waves  sent  out  frou)  concusslous  of  various  kinds  are  able  to  seriously 
affect  the  steailiness  of  the  ne<'dle.  These  sound  waves  can  travel  into  the 
gahanometer  case  to  jar  the  neeilk*  despite  any  system  of  supixirt,  and  the 
only  way  to  avoid  them  is  to  exhaust  the  air  in  the  galvanometer,  so  that 
our  new  cases  are  of  air-light  coustruction.  The  exikaustion  of  the  air,  in 
addition  to  j>reventing  disturlia:ice  by  sound  waves,  also  umtiii  the  m'nii- 
lireiienK  vmrlg  propiirtiaitiilUi  Ihfiapuirf  uftliiif  o/  Hiring 'if  f he  iiirJIr,  so  that 
it  is  no  longer  so  un}iiKt  to  use  a  ten-se<'ond  time  of  single  swing  as  the 
liasis  of  comparison.  But  in  addition  to  seiruring  exhaustion  of  the  air  as 
a  means  of  reihicing  ineclianical  tremors,  another  ilevice  has  been  foun<1. 
The  experimental  and  theoretii'al  invi'stigations  i>(  needle  sy^tenis  alwue 
alludeil  to  have  indicate'l  a  methixl  oE  construction  hy  jneansof  whii'h  the 
ii'rigM  o/llie  iietdle  iynteiii  titn  In:  liiiyfly  iiirrfii^il  u'illn/iU  dimiiiifliing  llie  (vm- 
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puled  tentitiventm,  ec  that  in  Ibis  way  the  mec-lmnjcal  disturbancea  of  sonnd 
anil  ground  tremors  which  reai'h  the  galvanumetor  i-ase,  being  conipellwl 
to  influence  a  larfier  mass,  wiH  produce  a  lens  prejudicial  effect  u|ion  the 
needle. 

It  hax  also  l)een  eoi^ht  to  reduce  m^nietic  disturluncee  of  the  neeille  hy 
the  eyslein  of  magnetic  shielding  d(«i'rit>eil  in  tny  lapt  year's  report. 

The  application  of  these  several  devices  has  as  yet  proceeiled  only  bo  far 
fts  ie  deticribe*)  in  what  follows;  Several  different  systems  of  only  0.0019 
grain  weight  have  been  trieit  in  the  galvanometer  with  the  arrangements 
of  support  and  shielding  already  deecrilied,  but  not  with  the  air  exhausted, 
and  it  has  been  found  that  up  to  times  of  single  swing  of  two  seconds  the 
average  accidental  deflections  on  a  scale  at  3  meters  clo  not  exceed  0.1 
millimeter,  and  the  time  of  swing  has  actually  lieen  raised  to  ten  seconds 
without  excessive  ilisturhances.  The  efiectivenesB  of  exhaiiation  of  the  air 
to  make  the  senstlivenei<s  proportional  to  the  square  of  the  time  of  swing 
has  been  studieil,  and  theue  studies  though  not  complete  inditaite  tliat  for 
air  pressures  of  less  than  1  millimeter  of  mercury  this  relation  will  t>e 
approximately  followed. 

A  "heavy"  neeille  Bystein  of  0.015  gram  weight  is  in  process  of  con- 
struction, whose  computed  sensitiveness,  it  is  Itelieved,  will  ei|ual  or 
slightly  exceed  that  of  the  light  systems  already  tried,  while  its  HtMulinesa 
will  be  much  greater. 

The  nioxt  sensitive  "light"  needle  system  used  gave  at  1.5  Be<^nils'  single 
swing  in  atmospheric  pressure  a  defle<:tion  of  1  millimeter  on  a  scale  ai 
I  meter  in  a  galvanometer  of  1.4  ohms  resistance  with  a  current  of 
iosiidIoodsii  aniiiitres.  The  damping  was  then  so  excessive  that  the  sec- 
ond swing  was  hut  Vs  the  magnitude  of  the  first  If  the  hopes  now  reason- 
ably entertaineil  are  realized  the  "heavy"  neeille  lau  be  effectively  used 
at  ten  8e<»>nds'  single  swing  in  vacunm,  with  a  scale  at  3  meters,  and  a 
mrrent  of  TsaiivaSfiio^aii  amiiercs  will  in  a<^tual  practice  give  a  defltn'tiou 
of  1  millimeter,  and  it  is  jiosRihle  that  a  current  of  lamtss^oaoaim  amiieres 
tan  be  detected.  Such  a  working  sensitiveness  as  may  thus  l>e  cxpe<:t<Hl 
would  exceeil  that  eniploye<l  in  takijig  the  lx)logrHi)hs  of  1H1>8  hy  .'S.OOO 
fold,  taking  into  account  the  ralio  of  the  galvanometer  resistan(«  employed. 
The  gain  of  worlcing  sensitiveness  now  actually  attained  in  preliminary 
ex)>eriments  is  no  less  than  a  hunilrrilfold.  H  the  liflyfold  further  gain 
hoptnl  for  is  actually  a<rompli><lied  the  field  of  rcpearch  thus  opened  is 
enormous,  so  that  I  regar<l  these  improvements  in  the  galvanometer  as 
now  the  first  consideration.  It  is  greatly  lo  be  regretteil,  Iviwever,  that 
owing  to  the  unfortunate  situation  of  the  olwervalory  in  the  midst  of  city 
disturbances  the  difficulties  to  be  overi'ome  are  so  large.  In  this  irounec- 
tiou,  I  venture  to  express  the  ho\ie  that  the  change  of  site  of  the  ol>serva- 
tory  contemplated  in  your  former  re])orts  may  some  time  )<o  ac«'omplished. 

Permnal  eqiuitioii  nppamtax. — A  portion  of  the  time  of  the  Junior  Assist- 
ant has  l>een  em|iloyed  in  the  testing  of  an  apjiaratiis  of  yonr  own  design 
to  eliminate  personal  eiiuation  in  time  observations.  These  experiments 
are  not  yet  completed. 

AhaorptioR  of  the  eolnr  nlmonp/ifi-f. — An  investigation  o(  the  absorption  of 
the  solar  radiation  in  the  sun's  atmosphere  ha.'4  iH'en  l>cgun.  A  large  solar 
image  is  lormiKi,  and  l)olographs  arc  tiiudc  at  imints  near  the  center  anil 
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edge  of  the  aun,  respectively.  Preliminary  ex{>erinneiits  indicate  an  alworp- 
tion  progrearively  increaein);  toward  the  shorter  wave  lengtlis,  so  Ihat 
cuTvefl  taken  with  eqiul  sHt  widths,  while  ol  oearly  equal  height  at  about 
2  M.  would  exhibit  nearly  twice  as  much  enei^y  from  the  eun'scenteras  from 
near  the  limb  in  the  visible  portion  of  the  flpe<'trum.  So  far  an  is  yet  deter- 
mined there  ia  no  <«rtainly  dincernible  selective  al>sorption  (or  different 
narrow  bands  besides  the  (iradual  allpration  of  atisorption  just  allndeil  to, 
but  the  experiments  are  as  yet  inconclusive  as  regards  this  point. 

(3)  Relipte  txpedition  to  Snmnlm.^lt  will  lie  reealleil  that  the  observu- 
tjons  of  last  year's  eclljise  by  the  Staithsonian  expeilltion  raised  interesting 
questions  as  to  the  existcn(«  of  intramercurial  planets  and  as  to  the 
nature  of  the  eoronal  radiations.  So  far  did  the  intereBt  in  these  problems 
extend  that  it  was  thought  worth  while  to  send  an  expe'Iition  from  the 
Astrophiiiiral  Observatory  to  Sumatra  to  observe  the  total  e<'li|iBe  of  May 
IS,  1901,  and  to  repeat  and  extend  the  bolonietric  otiHervatioiiH  on  the 
coronal  radiation  anil  the  photogra|ihic  olwervations  for  possil>le  intra- 
mercurial planets.  This  expedition  left  Washington  February  r>,  1901; 
reacheil  Padanj;,  Sumatra,  April  4;  otteupieil  the  station  seleitol  (at  Solok), 
April  11;  and  left  Sumatra  May  28.  The  jiorsonnel  consisted  of  (.'.(!.  Ablmt, 
Aiit  Acting  in  Charge,  and  I".  A.  Drajier,  temporary  astiislant.  Apiiaratus 
weighing  about  4,000  pounds  was  taken,  including  the  8-inch  equatorial 
telescope  mounting  with  ii el oslat.  Through  the  good  offices  of  the  War 
Departtnent  the  vuyagen  from  San  Francisco  to  Manila  and  the  return 
were  made  upon  army  transjiorti!,  while  the  expedition  was  conveyed  from 
Manila  to  Padang  and  return  upon  the  United  States  naval  vc9»el  '.■(■". 
vlfoni,  which  also  conveyed  the  expeilition  from  the  Unite<l  States  Naval 
Observatory.  It  is  a  pleasure  to  rememlier  the  hospitality  and  friendliness 
of  the  otHcers  of  this  vessel  toward  us.  Within  Sumatra  the  expedition 
was  given  free  transportation  upon  the  goverimient  railway,  and  indeeil  it 
would  be  hanl  to  a('knowle<tge  sufficiently  the  assistance  and  courtesy 
re<'etved  at  the  hands  of  the  Dnleh.  1  wish  especially,  however,  to  make 
mention  of  the  great  klndnees  and  helpfniness  of  tlie  United  States  c<in- 
sular  agent  at  Patiang,  Mr.  Cornelius  G.  Veth,  who  spareil  neither  time 
nor  exjienae  in  our  l>ehalf.  The  most  rordial  relations  existed  1)etwcen  the 
Smithsonian  expedition  and  that  of  tlie  United  States  Naval  Observatory, 
such  mutual  assistance  as  coul<l  be  affonleil  being  freely  interchanged. 

Solok,  Sumatra,  the  point  selected  for  the  oliservations,  is  a  fair-sized 
town  of  mostly  native  inhabitants,  but  the  seat  of  a  Dutch  residency.  We 
foun<l  quarters  in  a  small  hotel,  and  an  almndoncd  fort  near  the  hotel  was 
placed  at  ourdis)iosal  for  the  uliserving  station.  This  fort  was  sliare<l  with 
the  larger  party  of  the  Naval  Observatiiry,  and  its  large  rooms  and  inclos- 
ing walls,  together  with  the  sutfli^iently  large  level  inclosure,  made  it  an 
ideal  station.  Several  years'  meleoro logical  oliservaiioiis  having  esjiei'lal 
reference  to  the  eclipse  had  imiicated  that  Solok  had  at  least  as  gcBsl 
chani'e  of  fair  weather  as  any  place  in  the  islaml,  and  ».-<  the  day  of  the 
eclipse  approached  we  found  from  our  own  oltm-rvaliimsllirough  the  month 
of  May  that  the  chances  for  a  fair  sky  annrnd  the  sun  at  the  hour  of  tbi- 
ei-hpse  were  fully  two  to  one.  So  far  were  these  chances  PU|>erior  to  those 
of  Fort  de  Kock,  a  minor  station  near  tlieeiige  of  the  shadow,  occu  pi  itl  by 
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the  Naval  Observatory  expedition,  that  the  greatest  depreeeion  prevailed 
in  the  messages  received  from  that  station  prior  to  the  eclipse.  All  was  in 
readiness  before  the  day  oC  the  eclipse,  and  very  numeroua  rehearealB  witli 
both  the  bolometric  and  photographic  apparatus  had  been  held,  and  we 
felt  that  our  arrangements  were  such  that  excelleat  results  ought  to  be 
secured. 

The  day  before  the  eclipse  was  rainy,  but  the  morning  of  May  18  was 
clear,  so  that  the  prospects  appeared  of  the  brightest  up  to  9  or  10  o'cloi^k. 
But  about  the  time  of  the  firat  contact  clouds  b^an  to  fomi,  and  when  the 
eclipee  became  total,  at  about  twenty  minutes  aft«r  noon,  the  whole  sky, 
excepting  a,  perfectly  clear  belt  around  the  horizon,  was  overcast  with  a 
sort  of  checkerwork  of  clouds,  so  thick  that  the  corona  could  barely  i)e 
distinguished.  During  the  latter  part  of  totality  tlie  very  position  of  the 
sun  was  doubtful.  I  realized  that  observations  were  useless,  and  I  remained 
in  the  tent  of  the  intramercu  rial -planet  instrument  throughout  the  totality 
without  attempting  bolometric  work.  Merely  to  have  something  to  show 
toprovethat  the  expedition  had  observed  an  eclipse,  the  programme  for  the 
intramercu  rial-planet  apparatus  was  carried  through,  and  I  later  developed 
the  plates  taken.  Those  exposed  in  the  first  half  of  totality  showed  the 
corona  faintly,  extending  out  possibly  a  quarter  or  half  a  diameter,  and 
showed  the  planets  Mercury  and  Venus.  Nothing  else  could  be  distin- 
guished, not  even  the  first-magnitude  star  Aldebaran.  The  plates  ex  posed 
during  the  last  half  showed  even  less,  as  the  clouds  were  then  thicker. 

After  totality  the  skygrediially  cleared,  and  we  had  a  fine  afternoon  and 
the  clearest  (and,  indee^I,  almost  the  only)  clear  night  there  had  \men  for 
weeks.  The  despised  station  at  Fort  de  Kock  had  a  perfect  day  through- 
out, and  was  the  only  station  occupie<l  by  an  eclipse  expedition  of  which 
this  was  true.  The  meteorological  conditions  ol  Sumatra  are  not  such  as 
to  encoun^e  astronomical  olmervation  there. 

I  was  much  surprised  at  the  amount  of  general  illumination  still  remain- 
ing in  the  middle  of  totality.  Some  rainy  days  are  equally  as  dark  as  it 
then  wasat^lok,  although  the  totality  lasted  six  muiutes  and  the  shadow 
was  about  150  miles  wide.  The  general  illumination  may  have  come  from 
outside  the  shadow  path  by  reflection  and  diffusion  of  the  clouds,  but  yet 
there  was,  as  has  been  said,  a  perfectly  clear  band  of  sky  around  the  hori- 
aon,  and  hence  far  within  the  shadow. 

The  accompanying  plates  illustrate  some  of  the  scenes  of  this  wonder- 
fully interesting  though  woefully  disappointing  expedition. 

In  concluding  this  report  I  wish  particularly  to  commend  the  ability  and 
industry  displayed  by  the  Junior  Assistant,  Mr.  F.  K.  Fowie,  in  carrying 
on  the  work  of  the  Observatory  during  my  absence,  especially  aa  regards 
bolometric  work,  which  he  did  largely  unassisted,  and  when  the  best  part 
of  the  equipment  was  gone  on  the  eclipse  expedition. 

Respectfully  submitted. 

C.  G.  Abbot, 
Aid  Acting  in  Charge  Attrookveical  ObKnatory. 

Mr.  S.  P.  Lanqlbv, 

Srcrrtary,  SmilhKmian  IttttUution. 
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Sir:  1  have  tlie  honor  to  present  herewith  (he  report  of  the  operations 
of  the  library  of  IheSinithBonian  Inxtitution  for  the  fiscal  year  ending  June 
30.  1901. 

Tlie  most  (vnipideralile  |H)rticin  of  cfHce  work  is  that  connected  with  the 
Smithsonian  deposit  in  the  r,il)rary  of  Congress, 

The  following  table  KhowH  the  number  of  volumes,  parts  of  volumes, 
paniphU'ti',  and  chartH  recnrded  in  the  accesHion  hooks  of  the  Smithsonian 
dejiosit,  Liljrary  of  Congress,  during  the  fiscal  year  ending  June  30,  1901 : 


The  acceasion  numliers  run  from  431972  to  43Sfl<)3. 

In  ever-increaKiiiK  volume  the  ojierationH  of  the  libmry,  like  those  of  the 
International  Exchanges,  look  to  the  strengthening  of  the  Library  of  Con- 
gtvfa.  All  books,  pani]>hlets,  charts,  and  completed  volumes  of  period- 
ii'als  are  ac<-cssione<l  ami  re<:orde<l  on  cards  as  a  [Hirmanent  re<*ord  file, 
which  liolb  t<er\'e8  as  a  ledger  account  with  IcarDcd  societies  and  extahiish- 
menls  anil  as  a  catalogue  of  the  Smithsonian  deposit.  The  greater  part  of 
llle^H^  publications  are  then  Bent  to  the  Library  of  Congress,  amounting 
during  the  past  year  to  192  boxes,  T  bags,  and  30  packaoes,  which  are  esti- 
mated to  have  containe<l  the  equivalent  of  9,000octavo  volumes,  thisl^eing 
a  sending  to  the  I,ibrary  of  Congress  independent  of  that  forwarded  by 
the  International  Kx changes. 

The  additions  to  the  liliraries  of  the  Secretary,  the  Office,  and  the  Astro- 
physics! Observatory  number  374  volumes,  pamphlets,  an<l  charts,  and 
2,05R  partJjof  volumes,  making  a  total  of  2,432,  and  a  grand  total  of  30,566. 
On  thecard  catalogue  of  serial  publications  about  30,000  entries  were  made, 
of  which  300  reijuired  new  title  cards. 

The  following  iitiiversities  have  sent  inaugural  dissertations  and  academic 
publications:  Albany,  New  York;  Ann  Arlx>r,  Michigan;  Baltimore,  Mary- 
land; Basel;  Berlin;  Bonn;  Breslao;  Cuemowil?,;  Kriangen;  Giesen;  Fric- 
burg;  tireifswald;  Halle  a.  S.;  Heidelberg;  llelaingfurs;  Ithaca,  New 
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York;  Jena;  Kiel;  Leipzig;  Li«^:  Loitvain;  Luml;  Marburg;  Philadi'l- 
phift,  Fenneylvania;  Roetock;  StrasbuiTi;  Tiiuloiwu;  Tubingtn;  Utrecht; 
Wurzburft;  and  Zurich. 

A  Btnall  but  valuable  collection  in  K'^UQlb''^'")^''^'^!'^''^'^''^  National 
Zoological  Park,  and  two  sectional  libraries  are  niaintainwl  in  the  Instilii- 
tion  in  addition  to  thoee  already  alludeil  to,  Aerodromiia  and  Law  Refer- 

The  circulating  library  eetabliehed  in  1698  Cor  the  employeeeof  the  Jnnti- 
tiititin  has  continuetl  to  be  used,  to  the  pleasure  and  pnifit  of  the  staff,  and 
now  contains  about  1,380  volumes.  During  the  year  2,515  volumes  were 
Ixirrowed  by  105  persoiui.  The  ro')inM  ov.cupied  by  this  Mniall  collection 
have  been  rendered  more  attnurtive. 

In  continuance  of  the  policy  of  increasing  the  lit)rary  by  exchange  and 
filling  in  incomplete  t«ls,  919  letters  were  written  for  new  exi.'bangeH  and 
,  for  completing  8erit«  already  in  the  library;  293  new  periwlicale  were 
added  to  the  liKt;  400  ilefei^tive  aerieij  were  either  completed  or  partly  com- 
pleted, accoriling  to  the  [Hililixlient'  ability  to  supjily  the  numlieni  requested. 
About  1,500  letters  were  re«'eived,  which  are  fileil  in  jackets  on  which  a 
(iynojiHin  of  the  lettera  in  given.  A  I'anI  catalogue  of  the  i-orrespondenire 
ifl  kept  for  reference.  Unterx  are  ii«ueil  tor  the  Smttb»>onion  publications 
sent  in  exchange  for  the  publications  received;  when  single  numbers  are 
reported  as  mi«tfiug  jKistal  cards  are  forwarded  reijuesting  that  they  be  sup- 
plieil;  corresponding  postal  canisare  sent  as  acknowledgments  oJ  receipts; 
about  200  were  aske<l  for  and  150  sujiplied. 

Lists  and  canls  have  l>een  receiveil  from  the  Library  of  Congress  since 
Noveinl)er,  1900,  indicatilm  the  volumes  which  are  needed  to  complete  the 
sets  in  the  Smithsonian  <le{>osit  in  the  Library.  Thew  lists  and  canls  are 
copied  and  kept  jiernianently,  while  the  origlnalH  are  returned  with  notes 
stating  what  action  has  l)«en  taken. 

The  items  which  have  been  acUil  on  show  a  very  satisfactory  result; 
the  books  in  these  («ses  whi<;h  are  receiveil  in  complianur  with  re<|uests 
are  transniitteil  direi-tly  to  the  oftice  of  the  SmithBoniaii  dejHKiit  at  the 
Libmry  of  (Congress,  marke<]  "To  complete  Smithsonian  sets." 

The  great  ai-tivity  of  the  large  force  at  the  Library  of  ('ongn.iv  in  the 
various  departments  that  have  ilirt-ctly  todo  with  the  Si.iithsonian  deposit 
has  kept  the  Ubrary  force  here  exceeilingty  Imsy.  Very  great  good  is 
resulting  from  this  activity,  but  much  l)etter  results  could  l)u  hail  if  addi- 
tional assistance  were  at  my  ilisjHjHal,  s|)e<dllcfllly  for  atteniling  to  the 
matters  of  mutual  intercut  to  the  Library  oE  Congress  and  the  Inftitution. 

Numerous  transfers  have  tM.!en  made  from  the  Smithsoniati  dejiosit  to 
the  main  collections  of  the  Library  and  vice  versa  in  the  interest  of  com- 
pletion of  seta  under  a  single  ownership,  such  changes  Iwing  made  on  the 
general  principle  that  the  Institution's  collection  shall  consist  jirimarily  of 
perioclical.-<  and  transactions  of  learned  siH-ieties,  whilst  the  Library  of 
Congress  fboiild  giossess  as  t^mplete  liles  as  txisHible  of  all  publications 
issued  by  (iovemment,  whether  Feiieral,  State,  or  municipal,  txitli 
domestic  and  foreign. 

The  third  conference  on  the  International  Catalogue  of  Scieutilic  Litera- 
ture reached  the  conclusion  tliat  the  Catalogue  would  be  undertaken  if 
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300  complete  seta  were  subscribed  for,  am)  the  Itutitulion  was  infnrnievl  in 
August,  1900,  that  tbe  quota  for  the  Unil«il  States  houM  he  45.  A  ciri'ular 
was  immediately  sent  to  the  various  follettes  an<l  libraries  in  this  country, 
and  in  spite  ^i  the  fact  that  it  was  the  summer  season,  suta'ription  to  46 
sets  was  received  by  the  middle  of  September,  which  number  has  since 
been  increased  to  the  equivalent  of  66  sets,  demonstrating  the  great 
interest  had  in  this  country  in  the  undertaking.  The  preparation  of  a  list 
of  periodicals  to  be  indexed  has  been  taken  [n  hand  and  indexing  actually 
begun,  twoassi  '.ants  being  temporarily  assigned  for  this  purpose. 

The  accessions  to  the  National  Museum  Library  numbered  a.  total  of 
I'2,2fl7  books,  pamphlets,  and  periodicals,  of  which  4,942  were  a  portion  of 
the  Smithsonian  deposit;  2S,  141  books  were  borroweil.  The  efficiency  of 
the  Library  has  been  materially  added  to  by  the  institution  by  the  Library 
of  Congress  of  means  of  transferring  books,  eti', .  twiiv  each  day,  thus 
enabling  the  Institution  to  receive  and  return  books  at  a  very  short  notice. 
The  number  of  periodicals  entered  was  8,986,  and  4, Hit  cants  were  B<ld«<l 
to  the  authors'  catalogue  of  the  Museum  Library,  which  now  contains  27 
sections.  Its  ojierations  will  be  niore  fully  described  in  the  report  to  the 
Assistant  SetTetary. 

Beepectfully  submitted. 

Cvnrs  Adli:b,  Librarian. 

Mr.  S.  P.  Lanolby, 

StcreUiry,  SmUhMonian  Imtilitlioa. 
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e  the  flnlQi  ill  Ihr  chHiK'rry  I'ourl.  The  fund  n-ni  bniutihl  to  thia 
couniry  in  l(OS.  and  iJtcr  elghl  >-fni>  of  dsWlF,  Inpludtnfr  r-mMilUIton  wilh  ill  Ihe 
leading  pdncatoni  of  Ihe  United  .sutes  »l  thai  ilme,  a  law  was  linail):  framed  on  Aiigial 
10,lH4fi,  "lni»t«liliib  tbeSmilhHiniRn  Insilliilion  lorthelncrcawnnddllfiulonof  knnvi- 
ctlge  among  men,"'  Under  this  aet,  wllh  a  (e»  •mendmcnl".  Ihe  cipi>nnl<jn(  of  the  Inili- 
liilion  have  been  carried  on  to  Ihe  pivM-'nl  lime,  and  a  detailed  aeeiitint  of  i he  li'gliliit ion 
by  0»ngrc«x.  hn  nell  u  of  propuxiil  HCtlon,  from  IH3S  to  March  S.  liOV.  is  given  in  thii 
worli.  The  legihtalioD  fully  aeeompllshcd  Is  ihown  by  arts  and  joint  n-«oluilon«.  fr>l- 
loved  In  nil  raw  by  relcicnces  lo  the  volumes  and  pages  ol  Ibe  Siatuies  ai  Largi^  from 
which  thcr  were  iguoted. 

Conciirreni  resotulions  of  the  Senate  and  tlcinse  and  separate  re»oluiion»  of  ellher 
bmneh  of  Congrem  arc  referred  to  by  Ihe  date«  of  action. 

An  aecount  is  also  given  of  aetlcm  or  disi^uwlon  rclailve  to  ohJtTls  lntnul*il  by  Con- 
grew  lo  the  care  ol  Ibe  Inalilullon,  and  of  some  of  [he  igierBtlons  of  the  Govemmem  wllh 
which  it  hiu  had  direct  or  Incidental  eonnecllon. 

The  proceedings  of  each  Congrew  are  glren  meci-sslvely,  Ihe  flrsl  volume  containing 
Ihoseof  the  Twenty-fourth  Congrewlo  Ihe  Forly-ninlh  and  the  sceond  volume  Ibow  of 
the  FIfUelh  lo  the  ylfty-nflh  Congn™. 

Under  each  Congresa  the  subJectH  arc  arranged  according  lo  the  date  of  Ihelr  Introduc- 
tion, all  action  In  that  Congren  on  each  eubjci'l  following  In  cbmnoloRiral  order,  except- 
ing that  esllmalcs  and  appropriations  are  placed  at  the  end  of  each  subject. 

Ill  the  preparation  of  this  work  an  examination  waa  made  ol  every  page  of  Ihe  Con- 
greaslonal  Globe  and  Congrvaalonal  Record,  of  the  Journals  ol  the  Senate  and  Huuw,  the 
SlaluteaalljirRe.  IheCongrcwionnliloriimenlsand  leporUfrumlNi-'iioIKW.  Iivelherwlth 
other  printed  and  manuscript  malerial  in  the  Insliiution  and  elsewhere:  ami  the  table 
ol  contents  and  index  arc  as  comprehensive  and  minule  as  pnmible,  Ihe  iaiier  being 
alphabetical,  analytical,  and  chronological. 

The  formal  details  of  legislation  in  most  ca«caare  abbreviated,  and  the  quotations  from 
the  sialulea,  giving  dat«9  and  amoiinls  appropriated,  are  always  given  in  ligures,  and 
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R.  W.  Wood.  From  the  Smith»>uian  Rejiort  lor  19O0,  pages  359-3<i9, 
with  Plates  I- VI.  Washington:  (iovernnieni  PrinliugOUii'e,  1901.  Octavo. 
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Miocene  of  Nevada.     By  Frederic  A.  Lucas.     From  the  ProceedingB  of  the 
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James  E.  Benedict.  From  the  Proceedings  of  the  United  Statee  National 
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Proc.  1223.  Some  Spidere  and  otlier  Araelmida  from  Southern  Arizona, 
By  Nathan  Banks.  From  the  Procee^lings  of  the  United  Slates  National 
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Museum,  Vol.  XXIII,  pa^es  653-«58.  Washington:  Government  Print- 
ing Office.     1901.     Octavo. 

Proc.  1228.  AComimnwn  ot  the  Osteology  of  the  Jerboas  and  Jumping 
Mice.  By  Marcus  W.  Lyon,  jr.  From  the  Proceedings  of  the  United 
States  National  Museum,'Vol.  XXIII,  pages  G-^9-668;  with  Plates  XXV- 
XXVII.     Washington:  Government  Printing  Office.     1901.     Octavo. 

Proc.  1229.  Cambrian  Brachiopoiia:  Obolella,  aubgemiHGIyptiae;  Bicia; 
Obollne,  subgenus  Westonia;  with  descriptions  of  new  species.  By  Charles 
D.  Walcott.  From  the  Proceedings  of  the  United  States  National  MuHeuni, 
Vol.  XXIII,  pages  669-695.  Washington:  Government  Printing  Office, 
1901.     Octavo. 

Proc,  12.TO.  A  Revision  of  certain  species  of  Plants  of  the  Genus  Anien- 
naria.  By  F.liaa  Nelson.  From  the  Proceedings  of  the  Uniteil  States 
National  Museum,  Vol.  XXIII,  pages69T-71^.  Washington:  Government 
Printing  Office.     1901.     Octavo. 

Proc.  1231.  Description  of  a  new  species  of  Snake  from  Clarion  Island, 
West  Coast  of  Mexico.  By  Leonhard  Slejneger.  From  the  Procenlings 
of  the  Unitetl  States  National  Museum,  Vol.  XXIII,  pages  715-717. 
Washington:  Government  Printing  Office.     1901.     Octavo. 

Proc.  1232.  On  the  Relationships  of  tlie  Lntianoid  Fish,  Aphareus  fur- 
catus.  By  David  Starr  Jordan  and  Edwin  Chapin  Starks.  From  the 
Proceedings  of  the  United  States  National  .Muiwum,  Vol.  XXIII,  {>ages 
719-723,  with  Plates  XXVIII,  XXIX.  Washington:  Government  Print- 
ing Office.    1901.    Octavo. 

Proc.  1233.  A  Review  of  the  Lancelets,  Hag-fishes,  and  Lampreys  of 
Japan,  with  a  description  of  two  new  species.  By  Daviil  Starr  Jordan 
and  John  Otterlwin  Snyder.  From  the  Proci^ei lings  of  the  V'niteii  States 
National  Museum.  Vol.  Xjftll,  pages  725-734,  with  Plate  XXX.  Wash- 
ington: Government  Printing  Office.     1901.     (ktavo. 

Proc.  1234.  The  proi>er  names  of  Bdellnstoma  or  Ileplatrema.  By 
Theodore  Gill.  From  the  Proceedings  of  the  Unileil  Slates  Nalional 
Museum,  Vol.  XXIII,  pages  7.15-738.  Wasliingtou:  Government  Print- 
ing OtiQce.     IDOl.    Octavo. 
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REPORT   OF   THE   SECREl'ARY. 


The  fir8t  {lart  of  the  Sevpnl^iilh  Ri^pirt  and  the  tint  part  of  tlie  Ritcht- 
eenlh  Beiiort  werp  received  from  the  Government  Printing  Office  and 
distributed  during  the  year. 

Seventeenth  Annual  Report  of  tlie  Bureau  of  Anierii'an  Ethnology  to 
the  Se  Tetary  of  the  Smithsonian  Inslitiition.  1895-S6.  By  J.  W.  I'.iwfll, 
Director.  In  two  parts.  Part  1.  'WHahinnton :  Government  Printinn 
OIBfe.  1898.  Imperial  octavo.  Pagea  i-xciii,  1-128, 12!t*-3M»  137-408. 
with  81  plates  and  229  text  figure?. 

Eighteenth  Annual  Re[>ort  of  the  Bureau  of  .Ameriiau  Fthnoli)f'y  to  the 
Secretary  of  the  Smithsonian  Institution.  18it6-fl7.  By  J.  W.  Powell, 
Director.  In  two  parts.  Part  1.  Washington:  Government  Printing 
Office.  1890.  Imperial  oi-tavo.  Pages  i-lvii,  1-518,  with  174  plates  and 
166  text  figures. 


The  Annual  Report  of  the  American  Historical  Association  for  the  year 
1900  was  !*nt  to  the  printer  towani  the  close  of  the  fiscal  year,  and  most 
of  it  was  in  type  before  June  30.  The  report  Is  in  two  volumes,  with  the 
following  contents: 

Report  ot  Proceodlng)!  at  Sixiwnth  AnniiaL  Mvet[ng  In  Dolroil  anil  Ann  Arbor,  Dweni- 
ber27-29, 1*00,  by  A.  Howiird  CInrtt.  w-rwlHry— The  New  History,  by  Edwurrt  EBirk>?iloii. 
president— Concerning  the  WriilnR  of  History,  by  James  Ford  tUiodes— Flea  tor  Mllliarj- 
HlUory,  by  Charles  Fmnrls  Adanu— Sucilonalliini  and  Ke|>resen<a1lon  In  South  C^irolltia. 
a  Socloloftfcal  SKidj',  bylVIIKam  A.  SchHper— Frontier  iJindClnbt.  orClslmA'HH'iBtlons. 
by  Benjamin  F.  Shambaiwh— Mlfsonri  Party  Slriigdles  in  Ihe  Civil-War  Period,  by  S,  B. 
Harding— Military  Govemmenl  ot  Southern  Terriiory.  ll«l-186i,  by  A.  H.  Cnrpenler- 
HareuBWhllman:  ADIsru.ision  of  Prnfesaot  Bourne's  rnper,  by  WillUra  I,  Mari'ball— i^nl 
Baltlmoru'sStriiftgle  with  the  Jesuits,  iaai-lGJ9,  by  Alfred  I'earce  Dennis— American  Eccle- 
slology,  by  George  James  Bayles— Sliidiea  In  the  Colonial  feriod  ol  England,  16T2-1I.M0: 
The  Planlalions.  the  Royal  Afrlran  Company,  and  the  Slave  Trade,  by  Edward  D.  Col- 
llnB-Cmle*l  Work  on  Ihe  Latin  Sonrees  of  the  Firsl  Crunde.  by  Oliver  J,  ThaU-her— 
The  Turkish  Capllulalion,  by  James  B.  Aiigcll— Stein's  German  I'olieyHl  (he  CotwtT'm 
of  Vienna,  by  Ulysses  G.  Wealherly- The  Conslder«llon>  which  induced  Edward  [II  to 
Assume  the  Title  Ring  of  Franee,  by  Waller  Irena'us  Lowe— Fifth  Annual  Report  of  the 
Hlstorleal  ManuscriptsCommiKtion-TItlrs  of  Bonks  on  English  HI'lory.rubllBhcdinlSM: 
selected  by  W.  Dawson  John«ton— Report  ot  the  Public  Archives  Com  minion.* 

IT.    NATIONAL  BOCIETV    OP   THE    IMCGITTERS    OF   TBK    AMERlCtS'    REVOLfTIOS. 

The  Third  Rejiort  of  the  Society  was  received  and  submitted  to  Congress 
during  the  year  and  prioress  made  toward   its   publication  as  a  St-nate 
Document. 
Respectful!  V  sithmilted, 

A.  Howard  Clark,  Eilil'ir. 
Mr.  S.  P,  Langlev, 
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ADVERTISEMENT. 


The  object  of  the  General  Appendix  to  the  Annual  Report  of  the 
Smithsonian  Institution  is  to  furnish  brief  accounts  of  scientific  discov- 
ery in  particular  directions;  reports  of  investigations  made  by  collab- 
orators of  the  Institution;  and  memoirs  of  a  general  chamcter  or  on 
special  topics  that  are  of  interest  or  value  to  the  niiinerous  correspond- 
ents of  the  Institution. 

It  has  been  a  prominent  object  of  the  Board  of  Regents  of  the  Smith- 
sonian Institution,  from  a  very  early  date,  to  enrich  the  annual  report 
.  required  of  them  by  law  with  meuioirs  illusti-ating  the  more  remarka- 
ble and  important  developments  in  physical  and  biological  disco\ery, 
as  well  as  showing  the  general  character  of  the  operations  of  the  Insti- 
tution; and  this  purpose  has,  during  the  greater  part  of  its  history, 
been  carried  out  largely  by  the  publication  of  such  papers  as  would 
possess  an  interest  to  all  attracted  by  scientific  progress. 

In  18S0  the  Secretary,  induced  in  part  by  the  discontinuance  of  mi 
annual  summary  of  progress  which  for  thirty  years  previous  had  been 
is.sucd  by  well-known  private  publishing  lirm.s,  had  prepannl  by  com- 
petent collaborators  a  series  of  abstracts,  showing  conciseh'  the  prom- 
inent features  of  i-ecent  scientitic  progress  in  astronomy,  geology, 
meteorologj',  physics,  ehemistiy,  mineralogy,  botany,  zoology,  and 
anthropology.  This  latter  plan  was  continued,  though  not  altogether 
satisfactorily,  down  to  and  including  the  year  1SS8. 

In  the  report  for  1880  a  return  was  made  to  the  earlier  method  of 
presenting  a  miscellaneous  selection  of  papers  (some  of  them  original) 
enibi-ftcing  a  considerable  range  of  scientific  investigation  and  discus- 
sion.    This  method  has  been  continued  in  the  present  report,  for  1901. 
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"The  advancomcnt  of  the  highest  intci'cstsof  na- 
tional Hcience  and  learning  and  the  custody  of  objects 
of  art  and  of  .the  valuable  results  of  scientific  expedi- 
tions conducted  by  the  United  States  have  been  com- 
mitted to  the  Smithsonian  Institution.  In  furtbei-ance 
of  its  declared  purpose — for  the  'inci'ease  and  diffu- 
sion of  knowledge  among  men' — the  Congress  has 
from  time  to  time  given  it  other  important  functions. 
Such  trusts  have  been  executed  by  the  Institution  with 
notable  fidelity.  There  should  lie  no  halt  in  the  work 
of  the  Institution,  in  accordance  with  the  plans  which 
its  Secretary  has  presented,  for  the  preservation  of  the  vanishing  races 
of  great  North  American  animals  in  the  National  Sloological  Park.  The 
urgent  needs  of  the  National  Museum  are  recommended  to  the  favora- 
ble consideration  of  the  Congress."  (Pre-sident  Roosevelt's  tii-st  mes- 
sage to  Congress.) 

In  the  first  Smithsonian  Report  issued  in  the  twentieth  centuiy  it 
may  not  be  amiss  to  tell  the  readere  of  this  volume  very  briefly  what 
the  Institution  is,  how  it  came  into  being,  and  how  it  has  fulfilled  the 
purposes  for  which  it  was  established. 

In  the  popular  mind  the  Smithsonian  Institution  is  a  picturesque 
castellated  building  of  brown  stone,  situated  in  a  beautiful  park  at 
Washington,  containing  birds  and  shells  and  beasts  and  many  other 
things,  with  another  large  adjacent  building,  often  called  the  Smith- 
sonian National  Museum.  The  Institution  is  likewise  supposed  to  have 
a  large  corps  of  learned  men,  all  of  whom  are  called  "Professors" 
(which  they  arc  nut),  whose  time  is  spent  in  writing  books  and  making 
experiments  and  answering  all  kinds  of  questions  concerning  the  things 
in  the  heavens  above,  the  earth  I)eneath,  and  the  waters  under  the 
earth. 

Contrast  this  popular  notion  with  the  facts.     The  Smithsonian  Insti- 
tution is  an  "Establishment"  created  by  an  act  of  Congress  which  owes 
its  origin  to  the  bequest  of  James  Smithson,  an  Englishman,  a  scien- 
tific man,  and  at  one  time  a  vice-president  of  the  Royal  Society,  who 
m  1901 10  Ha 
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diod  in  (Jcntm  in  lS!i'.t.  Iciivinjf  liis  ('iilh-e  I'stato  to  tlio  I'liit^nl  Statosof 
Aiiicricji  "tJ>  found  lit  AViLsliiiijrton,  under  the  name  uf  the  Smithsonian 
Institution,  »u  csttihlishment  for  thu  inciv;is«  and  <liffusi<>n  of  kiionl- 
edgo  iimontr  men." 

After  ton  ypars  of  delmtt'  in  Congrnss.  turning  partly  on  the  (|ues- 
tion  whether  the  (Jovernnicnt  ought  to  aeeept  siieh  a  U'liuest  at  all 
and  i>ut  itself  in  the  unpreeedentpd  position  of  the  guai'dian  of  a 
ward,  Congress  aeeopted  tlie  ti"ust  and  ereated  h\  enactment  an 
'*KstaI»!ishment"  calli-d  liy  tlie  nams  of  the  Smithsonian  Institution, 
consisting  of  the  President  of  the  I'nited  States,  the  Viiv-Pi-esident, 
the  Chief  Justice  of  the  I'nited  Sbites.  and  the  members  of  the  Vroa- 
ident's  Ctthinet.  It  has  also  ii  S'cretarj-,  with  varied  funetions,  among' 
others  that  of  lieiiig  the  KeejuT  of  the  Museum. 

Smithson's  money,  which  amounted  to  over  half  a  million  dollar.'^, 
and  later  to  three-i|uarter.s  of  a  million,  a  great  foi-tune  in  that  day  of 
small  tilings,  was  deposited  in  the  United  States  Treasury,  the  (lovern- 
nient  afterwards  agreeing  to  [my  peqtetually  *i  |)er  cent  interest  upon  it. 

In  the  fundamental  act  creittiiig  the  Institution,  C-ongress.  as  aix>ve 
Htat^Kl,  provided  that  the  President  and  the  memlM'rs  of  his  Cahinot 
should  lie  memlKTs  of  the  Institution,  that  is,  sliouhl  he  the  Institu- 
tion itself,  l«it  that  nevertheless  it  slKudd  he  governed  hy  a  lioard  of 
llegents,  <;omi>osed  of  the  Viee-President  and  Chief  Justiee  of  the 
I'nited  States,  tliree  Kegents  to  l»c  appointed  Iiy  the  President  of 
the  Senate  (ordinarily  the  Viec-President),  three  liy  tlie  Speaker  of 
the  House  of  Kepresentaitives,  and  six  to  l»e  .^eleet^^d  hy  Congress; 
two  of  whom  should  he  residents  of  the  District  of  Columhia,  and 
the  other  four  from  diffeivnt  Stiites,  no  two  Iwing  from  tlie  same 
State.  The  fundamental  act  further  provides  that  the  SecrctJiry  of 
tlie  Institution  already  defined  shall  also  he  tlie  Secretary  of  the  lioard 
of  Kegents.  The  Museum  is  primarily  to  contain  objects  of  art  and 
of  foreign  and  curious  i'e>earch:  next,  object"  of  natural  history, 
jtlanls.  and  geological  and  mineralogical  siH-cimens  belonging  to  the 
Unititl  Slates.  Provision  is  also  made  f(U-  a  library,  and  the  functions 
of  the  Uegenfs  and  of  tin;  .Sei-retary  were  defined. 

The  preanilile  of  (liis  liill  states  that  Congress  has  received  the  prop- 
erly of  Sinithsori  and  provided  '•  for  the  faitliful  execution  of  said 
tiust  agreeable  to  the  will  of  the  liheral  and  enlightened  donor."  It 
will  thus  !«'  seen  that  llie  relations  of  the  (ienenil  (iovernnient  to  the 
Smitlisonian  Institution  are  most  extmordinary.  one  may  even  .say 
unitjue,  since  the  United  Sfcites  solemnly  Ixiund  itself  to  the  adminis- 
tration of  a  trust.  Probably  never  before  has  any  ward  found  so 
poweiful  a  guardian. 

The  li  1st  meeting  of  the  Kegents  occurred  on  September  7.  184(1, 
and  in  the  autumn  of  the  same  year  they  elected  as  Seci-etary  Josefii 
IIknby,  then  a  professor  at  Priti<eton.  known  for  his  extmordinary 
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experiments  on  the  electro -magnet,  and  other  subjects  relat 
electricity.  Under  bin  guidance  the  Institution  took  shape.  Its 
at  first  consisted,  in  the  main,  of  the  puMication  of  original  niei 
containing  actual  contributions  to  knowledge,  and  tboir  fi-ee  dis 
tion  to  important  libraries  throughout  the  world;  to  giving  pc 
lectures  in  Washington,  publishing  them,  and  distributing  th( 
libraries  and  individuals;  stimulating  scientific  "work  by  prov 
apparatus  and  by  making  grants  of  money  to  -worthy  investigi 
cooperating  with  other  Government  Departments  in  the  advance 
of  work  useful  to  the  General  Government,  etc.  These  wer 
Pi"incipal  methods  employed  by  Henry  to  carry  out  the  purpot 
Smithson,  for  the  increase  and  diffusion  of  kno^vledge.  Here 
^eie  initiated  certain  studies  which  afterwards  l>ecame  most  fn 
*id  hiive  resulted  in  important  Government  work,  such  as  the  pr 
y  Gather  Bureau,  among  others.  The  beginning  of  cooperatic 
'bi-ary  work  was  at  this  Institution.  At  the  same  time  many 
"'g'ht  almost  say  most— of  the  present  scientific  activities  of  the  ' 
•"Onient  have  grown  out  of  it  or  l>een  stimulated  }>y  it.  Experiii 
*  fog-  wig-naling,  in  the  acoustics  and  ventilation  of  public  build 
'tl  in  numerous  other  subjects,  were  inaugui-ated.  hi  fact,  in  t 
'■'ie»-  days,  with  one  or  two  exceptions,  the  Smithsonian  was 
'^  repi-esentativc  of  active  scientific  work  directly  or  indirectly 
■tej  with  the  United  States  Government.  Its  influence  upon 
ifacter-  of  private  scientific  work,  too,  was  very  great,  since  hi 
itur_y-  or  more  ago  the  avenues  for  publishing  were  few,  and 
ids  f  oi-  the  purpose  slender, 

Jradually,  out  of  the  collections  which  had  been  kept  in  the  Pa 

ice,   the    private  collections  of  Smithson,  and  of  appropriation 

moHoy   made  l)y  the  Regents,  and  largely  also  thi-ough  the  re^ 

the  groiit  exploring  expedition  of  Captain  Wilkes,  there  grew  i 

iiithsonitiri   Museum,  one  which  was  exclusively  cared  for  from 

nithsoii  fund;  hut  which,  partly  through  the  greater  activity  of 

ovevnment  sur\'ey8  and  i«irtly  through  the  gifts  of  private  indi 

a\s,  and  also  through  the  valuable  objects  presented  to  the  Un 

States  Oovernment  i)y  foreign  nations  nt  the  close  of  the  Oenten 

it  VbWftdoAphia  in  187t>,  brought  al>out  the  cstahltshnK'nt  of  wha 

now  known  as  the  United  States  National  Museum  of  the  Smitl 

niai>l^"wtvtution,  which  is  under  control  of  the  Regents  of  the  Inst 

t'lon,  ior  which  a  building  was  provided,  and  which  now  Receives  dii 

support  from  Congress.     This  Museum  has  now  the  matter  belong 

to  the  original  Institution  collected  by  the  Smithsonian's  own  ob.-;c 

ers,with  much  more  secured  through  the  General  Government,  mak 

in  all  over  5,000,(MXt  si>ecimeiis,  and  is  the  foremost  collection  in 

world  in  everything   that  relates  to  the  natural  history,  ethnolo] 

geology,  and  paleontology  of  that  portion  of  North  Anicrini  now 
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United  States,  Iwsidcs  fontatninjj  many  valuable  wric-s  from  other 
countricH.  Tbo  follpctions  have  been  visited  by  over  7,60<),0(NI  per- 
HoiiM,  and  tbi!  Institution  ban  <-an-i*Hl  sploctions  of  its  specimens  to  every 
lartfo  exhibition  held  in  the  Ignited  States,  and  distributed  850,0(HI 
Hpcc^imenH  to  rolle^ex  and  aeadoitiies.  thuit  powerfully  stimulating  the 
(jrowth  of  muHeumn  large  and  Mtnall  in  every  .seotion  of  the  oountry. 

The  publications  of  the  Smithsonian  have  been  in  several  scries, 
moNtly  to  convey  to  MpecialistH  the  results  of  its  original  scientific 
invoHligationN  and  to  thus  represent  the  first  half  of  \Vi  fundamental 
piirpoHe  '*  for  the  infrnur  of  knowledge."  and,  subordinately,  others 
to  include  handbooks  itnd  indexes  us<-ful  to  students,  and  some  publi- 
(»tioriH  which,  while  still  accurate,  contain  irmch  infonnntion  in  a  style 
U>  \h:  undersliKKl  by  any  intelligent  reader,  and  thus  represent  the 
ih:<-aiw\  half  of  till!  founder's  pur|K)se  for  the  "(///fiM/Vw  of  knowledge," 
Many  valuable  publicatloris,  (iio,  have  boon  issued  by  the  Museum  and 
the  Itureiui  r)f  Kthnology,  und  recently  by  the  Astrophy.«ical  Observa- 
liJi'y.  In  nil,  aisri  volumcH  iiHivei'2.(MM).(llKt<-opie,s  and  parts  have  been 
gmtiiiroiiHly  ili.lribiili'd  (o  iiMlitiilions  an<l  private  individuals,  thete 
workx  T'lriKing  In  ||iciip'"''Ih'h  n  wicnlilic  libniry  in  all  branches. 

I'lirdv  l»r  )ii(i'''h/i.M',  btit  ill  the  iiiiiin  by  cx<'hange  for  these  publicn- 
\i»i,*,  M."  fn-hloli"!*  hiM  D-^-^'ifibli-'l  II  libniry  of  over  l.^O.IKN)  volumes. 
\niui  i(*i)l?  ni  M'/tid  jdiMlnili'.iu  iiii'l  the  IninHiictions  of  learned  socie- 
li-.,  «(,,.b  »:„ii.i  ihc  (,.,|..l-b  ...ll.ciionHof  the  world.  The  major 
tf,iU;i,'.t  It  bus  U-'u  «in<<'  l*!'H{di.|«.-ilcd  in  the  Litmiry  of  Congress, 
»iit;  Mt.Kb  i.-<(ibli.-lriii''Ml  Ih';  rnoril  cortiiiil  luid  niutunlly  helpful  rela- 

t»  Ji-:/'»  h)■^^"  t.u  l-i;M,c.i('n>\  [Iaiiih,  a  distinguished  naturalist,  was 
.l.,(.i(  A.-.-i.-i«(.l  Ncictaiy  or  Ihe  liiHiiliilion.  To  him  the  great 
*i'livii>  ill  ijiiHiihI  bi.-toi_v  work  was  due,  and  by  him  the  Museum  wa-s 
1i,^uii4.  hi  l«-it.Kt/r<'iilly  willed  from  1875  by  a  young  and  enthusiastic 
(ii.lijiMli.-l,  iiwiK/iK  ItiiowN  (iiKiiJK.  Secnttiiry  IJaird  iniUiit*^d  in  the 
Kiifirli.'^jfiiiiiti  |ii>-lirijti»n  tlnc"-  ecoixniiic  studies  which  led  to  the  estab- 
li:rbmciitof  l)i«f  l.'iiili-d  Stnh-s  Fish  Commission. 

An  luiolher  itienns  «»f  dilFusiiig  knowledge  there  was  early  established 
llur  biiri-nii  of  inti'rnalional  exchiiiigcs,  originiilly  intended  simply  for 
the  projHrr  ili^trilnition  of  the  Smithsonian's  publications,  but  which 
gnidiiiilly  as-unied  very  wide  proportions,  becoming  no  less  than  an 
arnuigetiieiil  with  hturned  societies  thwughout  the  world  to  i-ecipro- 
<-iilly  cnri-y  free  publications  of  learned  societies,  or  of  individual  si-icn- 
tifie  irien,  intended  for  gratuitous  distribution.  This  system  was  after- 
wanls  tjiken  up  by  various  governments  which,  through  treaties,  bound 
themselves  to  exchange  their  own  publications  in  the  same  wav.  Since 
the  inaugumtion  of  this  service,  5,000,00(1  pounds  weight  of  Iwoks  and 
pamphlets  have  been  carried  to  every  portion  of  America  and  of  the 
world.     The  Institution  existing  not  only  for  America,  in  which  it  haa 
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ei-  8  MO  coiTe,pondenb,  but  foi-  the  world,  has  throucrhout  E,„ 
...,  A  ru-a,  and  th„  i,l.„d»  of  tho  ,ca,  nearly  28,000  co™™„d 
.re  .,h„,.t  the  United  Slate,  than  withinHustifyi„„The* 
Per  Orben,,"  as  the  device  on  the  Smithsonian  seal  ^  ""  " 

Other  work  ha,  been  intrusted  to  the  Institution  l,,,  a.  o„„ 
BM,  .ueh  as  the  Bureau  of  Au.eriean  Ethnology,  fov  Studies  ^J 
he  aborigine,  of  thi,  continent;  the  A.trophysiL,  oteAt 
■KMorten  yea,,  ha,  been  chiefly  devoted  to  \ho  enUr^  ^ "„' 
"ton  »  work  on  the  spectrum,  and  tho  National    Zoological  P. 

0  estaolishnient  of  the  tatter  was  intended  primarily  to  „r,il 
"shmg  races  of  mammals  on  the  North  America,,  continent    h 

also  assumed  the  general  features  of  a  TOologit-al  park  affo 
«e  naturalist  the  opportunity  to  study  the  habits  of  animal 
«  "■nUBe,  tho  painter  the  possibility  of  delineati  ng  them  and  rivi 
*ure  and  mstruction  to  hundreds  of  thousands  of  the  Ameri. 
'*'•  These  two  latter  establishments  are  due  to  the  initiativ 
•«ont  Secretary,  Mr.  S.  P.  Lanoiev,  elected  in  1887;  a  ph'? 
Mtronomer,  known  for  his  researches  on  the  sun,  aid  mc 
V  for  his  work  in  aerodynamics.  While  the  fund  has  be 
«'d  of  later  years  by  a  number  of  gifts  and  bequests,  the  m< 

>r^^'^,.  '!"'  °*  "'■  ™°"'"''  '^-  H°'iB''i"s  °'  "  "-m  somewh 
■"",IXJ0,  Its  original  capital,  once  relatively  considerable,  h 

ypite  of  these  additions,  grown  relatively  inconsiderable  w'he 
~e  now  numerous  universities  having  twenty  times  its  priva 
It  threatens  now  to  be  insufficient  for  the  varied  activities 
*^i^:aken  and  is  pursuing  in  every  direction,  among  the.se  tl 

<*f  the  higher  knowledge  by  aiding  investigators  everywher 
'  <loes  by  providing  appamtus  for  able  investigator,  for  tho 
t*5nts,  etc.  Investigations  in  various  countries  have  been  stimi 
y  Sf  rants  from  the  fund.  It  has  been  the  past,  as  it  is  th 
r  policy  of  the  Institution  to  aid  as  freely  as  its  means  allowec 

y  the  grant  of  funds  or  the  manufacture  of  special  appamtus 
investigations  which  have  not  always  at  the  moment  seemet 
LCtical  value  to  othei-s,  but  which  subsequently  have  in  manj 
ices  Justified  its  discrimination  in  their  favor  and  have  proved  o: 

importance. 

e  growth  of  the  Institution  has  been  great,  but  it  has  been  more 

liv-lty  than  in  mere  bigness.     The  corner-stone  was  laid  fifty  years 

In  1852  the  entire  staff,   including  even  laborers,  was  12.     In 

the  Institution  and  the  bureaus  under  it  employed  64  men  of  stri- 
s  and  277  other  persona.  These  men  of  science  in  the  Institution 
resent  very  nearly  all  the  general  branches,  and  even  the  specialties 
lome  extent  of  the   natural  and  physical  sciences,  besides  historv 

1  the  learning  of  the  ancients;  and  it  may  perhaps  he  said  that  the 
ome  of  the  Institution  (which,  relatively  to  othei-s,  is  not  one-tenth 
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in  1SH)1  what  it  was  in  1851)  has  !»een  forcod  to  mako  tjood,  by  harder 
effort  oil  the  part  of  the  few,  what  is  done  elsewhere  in  the  (Jovern- 
nient  service  by  iiiaiiy. 

The  private  inroiite  of  the  .Smithsonian  ln:4titution  is  not  quite 
t6U,000,  but  it  controls  the  disbursement  of  al>out  f  5W),<JO0  per  annum 
appropriated  l>y  the  (Jovernnient  for  the  ))ureaus  under  its  charge. 

Certain  other  functions  difficult  to  descri})e  are  still  of  prime  im- 
portani-e.  The  Smithsonian  is  called  on  by  the  (Sovernment  to  advise 
in  many  matters  of  science,  more  especially  when  these  have  an  inter- 
national aspect.  Itn  help  and  advice  are  sought  by  many  thousands  of 
persons  every  year,  learniKl  s6cietiew,  college  i>rofes.sors,  journaliste, 
and  magazine  editors,  and  thou.sands  of  private  individuals,  seeking 
information,  whieh  is  furnished  whenever  it  can  lie  done  without  too 
scriouN  a  dmin,  though  nutiii'ally  a  i>crcentago  of  the  requests  is  uni-ea- 
sonablo.  It  has  cooix'rated  with  scientitic  societies  of  national  scope, 
like  the  American  llistoricul  Association,  and  has  stimulated  the 
growth  of  a  nunilwr  of  the  Washington  scientific  societies,  and  it  may 
be  said  to  teem  with  other  activities. 

The  Rcgentji  control  the  policy  of  the  Institution,  and  the  Secre- 
tary is  their  executive  officer.  Since  the  l)egiiining  the  Regents  have 
been  selected  from  among  the  most  distinguished  men  in  public  life 
and  in  the  educational  and  scientitic  world.  Their  roll  contivins  the 
name.s  of  the  most  distinguished  .-Vinerican  citizens  for  half  a  century. 

An  unwiitten  policy  has  grown  up  which,  without  instructions  or 
regulations,  has  l»con  of  profound  influence  in  the  work.  The  Smith- 
sonian Institution  does  not  undertake  work  which  any  existing  agency 
can  or  will  do  as  well.  It  does  not  engage  in  controversies;  it  limits 
its  work  to  ol>servation  and  the  diffusion  of  ascertained  knowledge, 
not  to  speculation.  It  preserves  an  "open  mind"  for  all  hi-anches  of 
knowledge  and  considei-s  any  phenomena  which  are  the  object  of  serious 
.study  within  its  purview.  Its  l>eneiits  are  notcontined  to  Washington 
nor  to  the  I'nited  States,  but  as  far  as  consistent  are  extended  to  all 
ineii. 

Its  Secretaries,  Assistant  Secretaries,  and  scientitic  officers  have 
from  the  lieginning — long  before  a  classified  service  existed— been 
elected  and  appointed  f()r  merit,  and  for  that  alone.  No  pei"son  has 
ever  been  appointed  on  the  scientific  staff  for  any  political  reason  or 
eonsido  ration. 

It  is  impossible  to  look  into  the  future.  The  Smithsonian  Institu- 
tion has  a  remarkable  organization  for  the  administration  of  funds 
for  the  promotion  of  science;  yet  amidst  the  great  Iwnefactions  of 
the  past  quarter  of  a  century  relatively  few  have  come  to  it.  It^ 
activities  could  be  still  further  increased  if  it  had  greater  means 
under  its  control,  and  the  Regents,  because  of  the  peculiarly  independ- 
ent position  they  hold,  can  be  of  great  public  service  in  suggesting 
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the  cbaitiicl  into  which  tfifts  for  .•ifiuiitilic  purixises  might  l>e  directed, 
even  if  they  d(i  not  see  their  wiu'  clear  to  a,ccept!Mg  siidi  donutiuns  for 
the  Institution  itself. 

For  the  National  Museuni  a  great  new  building  is  a  prime  necessity. 
The  Museum  has  pra«!tically  reached  a  point  where  it  is  pbysicallj' 
inipo.ssihle  that  it  should  grow  under  present  conditions. 

Secretary  Langley  has  for  several  years  past  been  urging  upon  the 
(jovernment  the  dispatch  of  several  exjicditions  for  capturing  the 
species  of  large  mammals  so  lupidly  Iwing  destroyed  in  the  United 
States  and  Alaska;  Imt  even  without  this,  the  National  Zoological 
Park,  with  its  relationships  to  the  other  great  national  i»arks.  is  des- 
tined to  be  one  of  the  great  eoUcctions  of  the  world. 

The  Bureau  of  Aniertcan  Kthnology,  which  since  its  organization 
has  devoted  itself  to  theaboriginees  of  this  continent,  may  have  new 
work  to  do  in  Porto  Uico  and  in  Hawaii. 

Among  still  other  activities,  of  which  there  is  now  hut  a  premonition, 
a  National  (Jallery  of  Art  (provided  for  b\'  Congress  in  the  original 
charter)  may  be  alluded  to. 

TheiMist  of  the  Smithsonian  Institution  is  secure,  its  present  is  known 
to  all  men,  and  it  looks  forward  to  the  future  in  the  belief  that  it  will 
worthily  continue  under  whatever  changing  conditions  to  ''increase  and 
diffuse  knowledge  among  men." 
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By  0.  G.  Abbot. 


The  year  1901  has  been  a  remarkable  ono  in  the  history  of  astronomy 
for  the  number  of  important  observations  and  d  i  stove  lie.-*  which  have 
been  recorded.  I  have  selected  for  the  following  account  six,  perhaps, 
the  most  interesting.  These  arc  (1)  recent  determinations  of  stellar 
motion  in  the  line  of  sight;  (2)  advances  in  astronomical  photography; 
(3)  the  measurement  of  the  heat  received  from  the  stais;  (4)  the 
observation  of  the  planet  Eros;  (5)  the  total  solar  eclipse  of  May  18, 
1901,  and  (6)  the  history  of  the  new  star  in  Perseus. 

1.     MECENT    DETERMINATIONS    OF    STELLAR    MOTION    IN     THE     LINE    OP 
SIGHT. 

It  is  now  over  thirty  years  since  Sir  William  Hugfjins  made  the 
earliest  application  of  Doppler's  principle  to  the  problem  of  determining 
the  velojTity  of  motion  of  the  stars  in  the  line  joining  the  star  with  the 
observer,  technically  called  the  line  of  sight.  Before  this  all  measures 
of  stellar  motion  had  been  by  the  comparison  of  accui'ate  positions 
obtained  many  years  apart,  andgiving  thus  the  stars' "proper  motion" 
or  motion  at  right  angles  to  the  line  of  sight.  The  principle  of  Dop- 
pler,  however,  offers  a  means  of  discovering  the  other  component  of 
stellar  motion,  for  in  accordance  with  it  the  apparent  wave  length  of 
light  is  increased  or  diminished  liy  the  recession  or  approach  of  the 
source,  just  as  a  locomotive  whistle  becomes  of  higher  pitch  as  it 
comes  toward  us  and  lower  as  it  goes  away.  It  re(|uires.  then,  in 
theory,  but  the  compari.son  of  well  rec<)gnized  lines  in  the  stellar 
spectra  with  the  corresponding  ones  in  the  .spectrum  of  a  terii'strial 
source,  to  sec  whether  or  not  the  star  lines  are  shifted  toward  the 
blue  or  the  red,  together  with  a  measurement  of  the  amount  of  this 
shifting  to  decide  if  the  star  is  approaching  or  receding  from  us.  and 
at  what  rate.  In  practice,  however,  the  displacements  caused  by 
stellar  motion  are  so  slight  that  the  effects  of  a  varying  temperatun* 
of  the  apparatus  and  of  other  causes  make  this  one  of  the  most  diffi- 
cult fielda  of  astronomical  investigation. 
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After  Sir  Wiliiam  llufjgins's  first  uxpei'iniciitN  in  1S(W  und  those  of 
Professor  VogiO  at  Potsdam  in  1871  the  work  was  tiikt-n  up  at  (Jreen- 
widi  and  pursiiod  for  tliirU'cn  years.  Thost*  early  results  wore  but 
rough,  however,  and  we  owe  to  the  introduction  of  astronomical 
photography  the  present  advances  in  this  as  in  so  many  other  linet^. 
The  introduction  of  photography,  and  with  it  the  first  results  of  great 
value  for  accuracy,  date  from  the  observations  of  Vogel  at  Potsdam 
in  1887.  Not  long  after  this  Professor  Keeler,  then  director  of  Alle- 
gheny Observatory,  obtained  his  famous  speetrographic  proof  that  the 
rings  of  Saturn  consist  of  small  liodies  revolving  about  the  planet  in 
obedience  to  Keplur's  laws  and  arc  not  continuous  rigid  sheet.s  of 
matter  lus  they  npi>ear  to  be  in  a  telescopic  view. 

The  most  (wilebrnted  instrument  used  for  these  line  of  sight  researches 
is  that  known  as  the  Mills  spectrogi-aph  of  the  Lick  Observatory,  with 
which  Profe.s.sor  Campbell,  the  present  director,  has  made  and  is  still 
continuing  his  noted  line  of  sight  determinations  for  all  the  brighter 
stars  of  the  northern  hemisphere.  An  illustration  of  this  instrument 
attached  to  the  3(J-iueh  equatorial  is  here  given  (PI.  1).  The  render 
ma}'  see  in  the  illustration  what  care  is  used  to  avoid  temperature  dis- 
turbances. With  the  Mills  sj^ctrograph  the  accuracy  of  Professor 
Campbell's  determinations  has  become  very  great,  so  that  the  prolrable 
error  of  a  deterTiii nation  from  a  single  photograph  may  be,  for  stars 
having  favorable  spectra,  far  within  a  single  kilometer  per  &e»ond. 

While  most  of  the  stars  olservcd  have  line  of  sight  velocities  not 
exceeding  10  kilometers  per  second,  certain  of  them  give  evidence  of  a 
far  greater  rapidity  of  motion,  amounting  in  the  case  of  C  IFrfouUa  to 
no  less  than  70  kilometers  per  second  (oi'  nearly  45  miles).  Still  more 
interesting  are  the  variable  velocities  reported  in  numerous  ca^es. 
From  evidence  of  this  kind  Professor  Camplrell  has  concluded,  for 
instance,  that  the  Pole  Star  is  not  single  as  it  appears  in  the  tele- 
scope, but  consists  of  a  system  of  no  less  than  three  bodies  i-evolving 
about  in  mutually  influenced  orbits. 

It  has  become  possible  with  the  spectroscope  not  only  to  prove  that 
several  stars  exist  where  only  one  is  seen  with  the  most  powerful  tele- 
scojies,  but  to  determine  the  time  of  revolution  of  such  a  spet^ti-oscopic 
pair  in  its  orbit,  and  even  with  considerable  certainty  to  determine  the 
form  and  size  of  this  orbit  and  its  inclination  to  the  plane  of  the  eclip- 
tic, although,  as  I  have  said,  the  separate  stars  are  so  close  and  their 
orbit  so  circumscrilied  as  never  to  be  seen. 

Line  of  sight  determinations  have  now  Ijecome  one  ()f  the  most 
important  features  of  astrophysical  study.  A  new  telescope  is  to  l>e 
devoted  to  this  purpose  at  the  Cape  of  Good  Hope  Otiservatory,  The 
Astrophysical  Observatory  at  Potsdam  has  very  recently  obtained  a 
new  stellar  spectrograph  of  the  most  approved  construction.  The 
Lick  Observatory  is  establishing  a  branch  observatory  in  South  Amer- 
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ica  tn  oompletc  the  spectrofjraphir  survey  of  the  heavens,  and  tht!  great 
tHjuatorial  at  Yerkes  Otj«ervttt<iiy  has  within  a  few  months  iK-en  fitted 
with  a  new  stellar  Mpcf^trograph  of  the  jjieatcst  pei'fcction, 

a.    RECENT  ADVANCt:S   IN    ASTRONOMICAL    rilOT01!RAriIV. 

It  was  formerly  the  custom,  in  the  time  of  Sir  William  and  lat«r  of 
Sir  John  Hersehcl,  to  employ  retlct'ting  telescopes  for  stellar  obser\'a- 
tions.  With  the  more  recent  high  development  of  refracting  tele- 
scopos,  mirroi-s  beavme  superseded  largely  by  lenses  for  the  most 
refined  work.  It  is  well  known  to  what  extraordinary  size  and  perfec- 
tion telescope  oltjc*^tives  have  I'isen,  so  that  in  the  United  States  alone 
we  have  jwirhiips  as  many  ils  half  a  dozen  of  over  '2  feet  clear  ai)erture, 
the  largest  being  the  ID-inch  equatorial  of  the  Yerkes  Obser\'atory. 
But  while  the  substitution  of  refracting  for  reflecting  instruments  thus 
went  on,  the  introduction  of  photography  in  astronomical  work  gave 
an  impetus  which  haa  since  led  to  the  revival  of  the  use  of  reflectors. 

The  advant^e  of  the  latter  is  due  in  part  to  the  fact  that  reflecting 
instruments  bring  all  rays  of  whatever  wave  length  to  the  same  focus, 
while  refnictors  can  only  be  corrected  to  bring  a  certain  limited  num- 
ber of  wave  lengths  te  a  focus  at  any  given  plane.  When  refi-acting 
instrumental  are  constructed  for  visual  puiTioses  it  is  customary  to  cor- 
rect the  lens  in  such  a  way  that  the  rays  which  affect  the  eye  mo^t 
intensely  shall  be  brought  to  a  sharp  focus,  neglecting  so  far  as  is 
necessary  the  violet  rays  which  are  most  active  photographically.  It 
will  be  readily  seen  thci'efore  that  a  visual  refracting  telescope  is  not 
suitable  for  the  most  exact  photogra])hiti  opomtions.  Hence  it  haa 
been  the  custom,  followed  at  the  Lick  Observatory,  at  the  Astropbysi- 
cal  Observatory  at  Pot-wlam,  and  at  many  other  obsorvateries  whci-e 
great  refractors  are  employed,  to  have  an  additional  lens,  either  used  as 
a  corrector  for  the  visual  objective,  or  wholly  sulwtituted  for  it,  to  be 
employed  solely  for  photographic  purposes.  This  has  necessitated  a 
very  great  initial  expenditure  of  money  as  well  as  no  inconsiderable 
waste  of  time  and  danger  to  the  instruments  in  the  substitution  of 
lenses,  as  the  instrument  is  changed  from  visual  to  photographic  uses, 

The  fact  that  a  reflecting  telescope  with  all  its  appurtenances,  of  equal 
light-gatheriTig  power  to  a  great  refractor  and  without  the  defect 
"f  chromatic  aljcrration.  can  be  made  at  a  small  fraction  of  the  cost 
merely  of  the  lens  itself,  has  thci'efore  led  several  lai^e  observatories 
to  yield  their  great  equatorials  chiefly  to  visual  and  spectTOscopic 
purposes,  supplementing  their  equipment  for  stellar  photography  by 
ihe  use  of  a  reflector  with  wholly  separate  driving  mechanism  and 
dome. 

Against  the  vei-y  great  advantage  of  a  iefle<'tor  in  point  of  cost, 
however,  there  is  to  be  ofl'set  the  fact  that  the  extent  of  the  field 
where  the  definition  remains  good  at  the  focu^  of  a  large  lens  is  far 
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greater  than  the  correspontling  ticld  in  the  focus  of  a  great  mirror. 
Hut  notwithstanding  this  disadvnntage,  reflectors  have  more  and  more 
come  into  ii-sc  for  photographic  purposes  within  recent  years,  and 
some  of  the  most  Itcautif  ul  and  striking  photographs  of  the  Dcbulai 
and  star  clusters  ever  made  were  ol)tained  with  the  Crossley  reflector 
in  the  last  months  of  his  life  by  Professor  Kecler,  director  of  the  Lick 
Obsei-vatory  at  Mount  Hamilton,  California.  Since  his  untimely  death 
the  instrument  has  )>een  continued  in  use  and  is  now  giving  excellent 
results. 

More  recently  still  Mr.  Ritcbey,  of  the  Yerkes  Observatory,  has 
designed  and  prepared  with  his  own  bands  a  i-eflecttng  telescope  of 
slightly  smaller  dimensions  than  the  ('rossley  instrument,  and  it*  now 
obtaining  photographs  of  nebulie,  star  clusters,  and  other  objects  requir- 
ing much  light-gathering  power  but  no  great  extent  of  tietd,  which 
are  unexcelled  for  excellence.  The  illustration  {Plate  II)  shows  the 
great  nebula  in  Cygnus  as  photogi-aphed  by  Mr.  Ritchey  with  an 
exposure  of  three  hours.  The  faintest  stars  shown  in  the  original  are 
more  than  10,000  times  fainter  than  the  unaided  eye  can  see.  Plate  III 
includes  two  drawings  from  photogi'aphs  by  Mi\  Ritcbey  of  the  nebula 
round  Nova  Persei  taken  with  the  same  insti'ument. 

I  have  spoken  of  the  large  expense  and  inconvenience  attending  the 
use  of  refracting  instruments  for  both  visual  and  photc^mphic  pur- 
poses. In  preparing  the  great  Yerkes  refractor  of  40  inches  aperture 
no  provision  was  made  for  its  employment  as  a  photographic  tele- 
scope, but  very  recently,  owing  to  the  great  advance  made  by  com- 
mercial dry-plate  manufacturers  in  the  preparation  of  photographic 
plates  sensitive  in  the  yellow  and  green  [Hirtions  of  the  spectrum — that 
is  to  say,  those  portions  where  the  eye  is  the  most  sensitive — ^it  became 
possible,  if  the  imperfectly  focused  blue  and  violet  rays  of  the  instru- 
ment could  be  cut  off,  to  use  the  telescope  without  prejudicially  long 
exposures  for  photographic  purposes.  Mr.  Ritchey  has,  aci-ordingly, 
employed  a  color  screen  close  to  the  photographic  plate,  by  means  of 
which  these  prejudicial  rays  are  eliminated;  and  by  the  further  use 
of  a  most  efficient  following  apparatus,  also  of  Mr.  Ritchey 's  design, 
there  has  recently  been  taken  with  this  telescope,  originally  intended 
only  for  visual  and  spectroscopic  purposes,  extraordinarily  perfect 
astronomical  photographs  (PI.  IV).  This  marks  a  most  im]x>rtant 
advance  in  astronomical  phot<^raphy,  for  it  thus  becomes  possible, 
with  a  very  trifling  expense,  to  use  the  great  visual  equatorials  of  the 
world  with  perfect  success  as  photographic  telescopes. 

Before  passing  from  the  subject  of  celestial  photography  1  wish  to 
mention  a  combination  of  the  rafracting  and  reflecting  schemes  which 
is  now  being  employed  with  great  sutress.  It  will  be  remembered 
that  one  of  the  most  celebrated  featuri's  of  the  Paris  Exposition  was 
the  "  Great  Telescope,"  so-called,  and  that  this  was  employed  not 
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pointing  toward  the  celestial  oliject,  but  pointing  rather  at  a  great 
mirror  which  itself  reflected  the  light  to  the  lens.  This  combination 
of  the  lens  and  the  mirror  i«  coming  increasingly  into  favor.  It  was 
used  with  advantage,  as  the  readers  of  last  _\-ear'.s  rejHul  remember, 
by  the  Smithsonian  eclipse  expedition  of  litiH),  and  with  no  less  success 
by  observers  of  that  eclipse  from  other  places,  notably  by  Professor 
Barnard  of  the  Yerkes  expedition. 

The  advantage  of  this  arrangement  consists  chiefly  in  that  the  tele- 
scope is  immovable  and  therefore  not  so  much  subject  to  the  shaking 
of  the  ground,  bad  following  of  the  clock,  or  to  flexure  of  the  tube 
of  the  lens  or  of  the  lens  itself,  all  of  which  are  liable  to  seriously 
affect  the  steadiness  and  perfection  of  the  image  of  a  great  equatorial. 
Of  course  these  sources  of  error  all  come  in  to  disturb  the  nrflecting 
mirror  which  is  placed  in  front  of  the  teles<'ope;  but  yet.  owing  to 
the  compactness  and  relatively  small  weight  of  the  apparatus  which  is 
there  driven,  these  sources  of  error  may  l>e  much  diminished.  Besides 
these  advantages  we  have  the  not  inconsiderable  furthei  gain  that  the 
visual  or  photographic  observer  can  carry  on  his  operations  with  per- 
fect comfort  and  convenience,  owing  to  avoiding  the  necessity  of  fol- 
lowing the  moving  eye  end  of  an  equatonal.  In  a  recent  visit  to  the 
Yerkes  Observatory  I  had  the  pleasure  of  seeing  the  beginnings  of 
very  large  telescopes  of  this  pattern  which  Professor  Hale  designs  to 
employ  for  the  most  delicate  and  far-reaching  photographic  and  radio- 
metric investigations. 

3.    THE   MEASUREMENT   OF  THE    HEAT    RECEIVED    FROM  THE   STARS. 

Attempts  were  made  as  early  as  1869  and  1870  by  English  astrono- 
mers to  obtain  evidence  of  the  heat  received  at  the  earth  from  the 
brightest  stai-s.  These  expennients  were  carried  out  with  the  aid  of 
the  thermopile,  then  the  most  sensitive  form  of  heat-measuring  appa- 
ratus known. 

Since  1880  there  have  !)een  devised,  however,  as  many  as  four  instru- 
ments far  more  sensitive  than  the  old-fashioned  thermopile.  These 
are  the  bolometer,  the  radiomicrometer,  the  improved  tbermopilo  of 
Rubens,  and  the  radiometer,  which  last  has  reached  its  gi'eatest  sensi- 
tiveness in  the  hands  of  Pref.  K.  F.  NichoLs. 

In  1888  Prof.  C.  It.  Boy.s,  with  his  then  newly  invented  i-adiomi- 
crometer,  repeated  the  earlier  observations  on  the  heat  of  the  brighter 
stars,  and  while  the  earlier  observers  had  convinced  themselves  of  dis- 
cernible heating  effects,  he,  with  his  far  more  sensitive  arrangements, 
came  to  negative  results.  As  .showing  the  great  sensitiveness  of  his 
apparatus  and  the  therefore  extreme  minuteness  of  the  amount  of  heat 
received  from  the  stars,  it  need  only  be  said  that  in  the  absence  of 
atmospheric  alxsorption  a  candle  placed  at  almost  2  miles  distance 
would  have  l«en  perceived  by  him. 
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Notwithstanding  this  discouraping  ovidcnce,  the  question  wa«  ^ain 
taken  up  within  the  I»Ht  two  or  three  years  by  Professor  Nichols  with 
bi»  radiometer.  Itofore  mentiouing  his  rei^ults  it  will  be  of  interest 
to  liriefly  describe  that  instrument.  The 
principle  upon  which  it  is  based  Is  the 
well-known  one  of  the  Crookes  revolving- 
,  familiar  in  the  collections  of  appa- 
ratus exhibited  in  the  physical  cabinets  of 
'  academies  and  colleges.  In  this  int«reat- 
ing  toy  a  pair  of  small  metallic  vanes, 
bla<'kerie(i  on  opposite  sides  and  tixed 
perpendicularly  upon  a  light  arm,  itself 
horizontal  and  delicately  poised  at  its 
center  upon  a  vertical  axis,  is  caused 
to  rotate  in  a  vacuum  by  the  inlluence  of 
light. 

The  Nichols  radiometer  is  niei-ely  this 
old  instrument  adapted  to  measnre  the 
intensity  of  the  impint;in,'^  mys.     An  idea 


,.fi,„ 


of  its  construction  is  given  by  the  accompanying  diagram.  The  vanes, 
made  very  small,  are  fastened  at  the  ends  of  a  slight  st«m  of  glass  about 
one-fourth  of  «n  inch  long,  which  in  turn  is  ti.xed  at  right  angles  to  a 
Hecood  longer  glass  stem  furnished  with  a  very  light  mirror  and  sue- 
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pendpd  by  an  cxtrpmely  thin  quaitz  fibei'.  All  is  int-loscd  in  a  metal 
csfp,  with  a  glass  window  opposite  the  little  mirror,  so  aa  to  obsen'e 
the  deflections  of  the  vanos  by  the  teleacoi>e  and  scale  method,  and  a 
second  window  of  fluoritc  or  other  material  transmissible  to  the  long 
wave-length  radiations  is  inserted  opposite  the  vanes  to  admit  the  rays 
to  l>e  measured.  The  case  is  air-tight  and  may  be  exhausted  to  any 
degree.  The  sole  force  which  keeps  the  vanes  at  the  zoax>  of  position 
when  uninfluenced  by  radiation  ia  the  tortional  elasticity  of  the  quartz 
fiber,  and  this  resists  the  rotation  of  the  vanes  and  returns  them  to 
their  original  jwsition  when  turned  temporarily  from  it  by  the  influ- 
ence of  radiation. 

An  extraordinary  degree  of  sensitiveness  of  this  instrument  was 
indicated  bv  experiments  which  were  made  on  the  heat  of  a  candle  sit- 
uated 2,(MXI  feet  from  the  concave  mirror  which  focused  its  rays  upon 
the  radiometer.  The  feeble  radiations  of  the  candle  at  this  great  dis- 
tance sufficed  to  turn  the  radiometer  through  nearly  a  hundred  scale 
divisions,  and  even  the  face  of  an  observer,  when  placed  in  the  position 
before  occupied  by  the  candle,  produced  a  deflection  of  ^.^t  .scale  divi- 
sions. As  a  tenth  of  a  single  scale  division  could  readily  1m-  ol)served, 
it  will  1)0  seen,  to  speak  figuratively,  that  with  the  radiometer  one 
might  note  the  appi"oach  of  a  friend  while  yet  some  miles  distant, 
merely  by  the  glow  of  his  eomitcnance. 

L)orre<-ting  the  observation  upon  the  candle  for  the  absorption  of  the 
earth's  atmosphere  in  the  layer  between  it  and  the  i-adionietiT,  it  was 
found  that  in  the  absence  of  the  atmosphere,  a  single  candle  at  upward 
of  16  miles  could  have  been  detected,  so  that  the  instrumental  equip- 
ment was  far  more  sensitive  than  that  used  by  Professor  Boys  in  the 
negatively  resulting  stellar  observations  alrtnuly  alluded  to. 

Experiments  were  performed  upon  the  radiations  of  the  stars  Vega 
and  Arcturus.  and  on  the  planets  Jupiter  and  Saturn.  The  heat 
of  each  of  these  objects  was  distinctly  recognized,  and  caused,  in 
the  mean,  deflections  of  0.51,  1.1-1.  :i.3H.  and  I'.JlT  scale  divisions, 
respectively,  when  approximately  reduced  to  zenith.  Thus  the  i-ela- 
tive  thermal  effects  of  Vega.  Arcturus,  .lupiter.  and  Saturn  are  as 
l:2.ii:4.7:U.74.  This,  it  will  Imj  seen,  is  quite  appreciably  different 
from  their  relative  brightness  to  the  eve,  a  circumstance  which  may, 
with  additional  ex|>eriments,  lead  to  interesting  conclusions  regarding 
the  nature  of  the  radiation  received  from  these  several  objects. 

4.    TlIK   OnSKKVATIONS   Ol:'   TUK    I'lulNKT    KROS. 

The  minor  planet  Eros,  it  will  be  recalled,  was  discovered  by  Witt, 
of  the  Urania  Oliservatory  at  Herlin,  Angust  VA,  1898.  When  after 
sevei-al  olwervations  its  approximate  orbit  was  computed,  this  was 
found  to  be  so  highly  eccentric  as  to  differentiate  this  new  planet  from 
the  many  other  asteroids  with  which  it  had  l)een  provisionally  classed. 
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So  highly  eccenti-ii.'  indeed  wan  the  planet's  orbit  that,  ultliougb 
upward  of  90,000,000  miles  distant  at  unfavorable  oppositions,  when 
nenrest  the  earth  it  may  come  within  about  15,0<'0,000  miliw,  and 
is  on  these  occasions,  so  far  as  is  known,  our  nearest  celestial  neigh- 
bor after  the  moon.  This  peculiarity  caused  the  planet  to  Ijecome  an 
object  of  great  interest  on  account  of  its  possible  use  in  the  more 
accurat«  determination  of  the  sun's  distance  fi-oni  the  earth,  for  an 
object  at  15,000,000  mile^  distance  has  a  very  appreciably  diffeient 
position  among  the  stars  if  viewed  from  opposite  ends  of  the  earth's 
diameter — no  less  a  parallax  indeed  than  100  seconds  of  arc  Con- 
sequently its  actual  distance  from  the  earth  could  probably  be  deter- 
mined with  very  great  accuracy,  and  this  distance  when  thus  fixed 
could  lie  used  indirectly  to  obtain  a  new  estimate  of  the  sun's  distance 
from  the  earth,  with  an  accuracy  possibly  exceeding  that  of  earlier 
methods. 

Search  was  immediati-ly  instituted  by  Prof.  E.  C.  Pickering,  the 
director  of  Harvard  College  Observatory,  through  the  continuous 
photogi"aphic  record  of  thc^  stars  which  is  kept  up  at  that  observatory, 
for  earlier  positions  of  the  planet,  and  such  were  soon  found  among 
plates  taken  in  1893, 1894, and  1890.  From  these  obseivations, which, 
taken  with  those  made  in  1898,  follow  the  planet  through  a  consider- 
able range  of  time,  a  very  accumte  orbit  was  computed.' 

The  orliits  of  Eros  and  the  earth  were  found  to  be  of  such  a  form 
that  their  next  reasonably  close  sipproach  would  occur  in  November, 
1900,  and  while  their  distance  at  this  time  was  indeed  considerably 
greater  than  their  least  possible  distance  of  15,000,000  miles,  yet  it 
vTBii  determined  to  institute  at  that  opposition  a  thorough  parallax  cam- 
paign to  be  taken  part  in  by  all  the  observatories  in  the  world  fitted 
with  instruments  suiUible  for  this  purpose,  for  it  would  be  necessary 
to  wait  upward  of  twenty  years  for  the  minimum  distance  to  occur. 
Fully  50  observatories  took  part  in  this  parallax  campaign,  continu- 
ing olwervations  from  October  thivjugh  to  about  the  1st  of  February, 
These  observations  were  in  part  photographic,  in  part  visual,  and 
taken  at  stations  as  far  apart  as  the  Cape  of  Good  Hope,  South  Africa, 
and  Helsingfors,  in  Finland,  and  indeed  it  might  almost  l>c  said  that 
there  was  no  Inibitable  quarter  of  the  earth  which  was  not  represented 
by  observci-s.  It  is  yet  too  early  to  say  what  will  be  the  result-!,  but 
it  is  hoped  that  they  may  lead  to  a  very  excellent  determination  of  the 
distance  of  the  sun. 

"As  an  t'viik-nce  of  Ihe  value  uf  the  plioIORraphic  retiirdanf  llarvanl  College 
Obnurvatory,  it  was  recently  rcinurkoil  by  PmffWHcir Pickering  that  "if,  in  the  future, 
any  other  objet^  like  Enia  tihoulii  be  disuovereil,  we  have  at  this  obiiervalory  the 
means  of  tracing  its  path  ninee  18!H),  during  the  time  iii  which  it  was  nioderatety 
briglit,  with  nearly  as  great  accurairy  as  if  a  series  of  otwervatiotis  bad  been  taken  q{ 
it  with  a  iiH'ri.liaii  tirele," 
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But  in  connection  with  these  olservations  were  others  whU-h  are  of 
reiimrkalile  interest,  for  it  appeared  that  the  brightness  of  the  planet 
varied  exti-aordinarily.  In  Febrnary,  litOl,  it  was  found  by  European 
ft-strouomern  that  rapid  variations  occurred  to  the  amount  of  two  whole 
stellar  magnitudes,  which  would  be  equivalent  to  a  variation  of  COO 
per  cent!  More  recent  observations  show  that  the  i-ange  of  bright- 
ness diminished  so  that  at  the  middle  of  May  there  was  apparently  less 
than  a  tenth  of  a  magnitude  variation.  The  extraordinary  amount  of 
these  fluctuations  In  the  brightness  of  a  planet  almost  baffles  explana- 
tion, and  several  theories  have  been  tentatively  proposed,  none  of 
which,  however,  as  yet  is  established.  Among  these  explanations  are 
that  the  planet  is  of  unequal  reflecting  power  on  different  portions  of 
its  surface;  that  the  variation  is  due  to  the  inclination  of  its  axis  taken 
in  connection  with  a  very  eccentric  form;  or  that  it  is  even  double,  as 
has  been  assumed  by  M.  Andre  and  others,  by  whom  it  has  been  sug- 
gested that  there  may  be  two  single  bodies  alternately  eclipsing  each 
other.  In  any  of  these  explanations  it  is  extvenieiy  difKcuIt,  as  has 
been  said,  to  account  reasonably  for  the  very  remarkable  variationsof 
brightness.  The  question  is  complicated  by  the  velocity  of  light,  tlie 
varying  distance  of  the  sun  and  the  earth,  the  phase  of  the  planet  and 
the  direction  of  its  axis  of  rotation,  all  of  which,  while  they  make 
numerical  computations  arduous,  yet  may  furnish  valuable  checks  on 
the  tr  list  worthiness  of  any  theories  which  may  be  proposed. 

5.    THR   TOTAt.   SOI^B   ECLIPSE   OP   MAY    IS,  liWl. 

The  total  solar  eclipse  of  May  IS,  I'.lOl,  which  occurrcil  over  a  belt 
extending  fi-om  the  ishind  of  Mauritius  acniss  the  Indian  Ocean  and 
through  several  of  the  large  islands  of  the  Dut<!h  East  Indies  was  at 
its  maximum  over  six  minute.s  long,  and  hence  gave  rise  to  many 
oI)scrving  expeditions,  tilthough  the  chances  for  favoi-altle  observing 
weather  were  regarded  as  precarious  in  these  ti-opical  I'cgions.  Most 
of  the  obseri'crs  selected  the  west  coast  of  the  island  of  Sumatra  for 
their  post  of  olwervation.  though  some  went  to  Mauritius,  others  to  an 
island  off  the  east  coast  of  Sumatra,  and  still  a  few  othei-s,  I  believe,  to 
Borneo,  The  nations  represented  on  these  expeditions  included  the 
Netherlands,  the  United  States,  (Ircat  Britain,  France,  Russia,  and 
Japan.  The  United  States  sent  the  greater  number  of  parties,  while 
the  Netherlands,  on  account  of  its  control  of  the  island  of  Sumatra, 
where  the  olwcrvations  were  conducted,  had  the  most  numerous 
observers  and  the  most  extensive  pragi-ammc. 

The  United  States  observers  occupied  seven  stations,  all  on  or  near 
the  west  coast  of  Sumati-a,  excepting  the  Amherst  College  expedition, 
which  was  stationed  on  a  small  island  east  of  Sumatra. 

England  sent  three  parties,  one  stationed  on  the  island  of  Mauritius, 
and  the  other  two  on  or  near  the  west  coast  of  Sumatra. 
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France  was  reprewntfd  by  oiu'  observer,  Knssia  l>y  one,  Japan  by 
several,  whiU'  the  Netherlands  made  very  extensive  prepurations, 
ineluding  the  iJavtieipation  of  army  officers,  a  portion  of  its  seieiititic 
staff  from  Batavia,  and  a  party  of  three  from  the  N'etherlaii<is  propei . 

The  Smithsonian  Institution,  as  will  !>e  re<-nHed  t>y  the  readers  of  the 
report  for  1!"M).  had,  in  May  of  ihat  year,  oliserved  the  total  eoliixse  at 
"Wadosboro,  North  Carolina,  and  had  obtained,  among  other  results  of 
interest,  bolometrie  evidence  indicating  a  probable  low  tem^K'rature  of 
the  corona,  while  on  a  single  photograph  of  the  region  near  the  sun 
there  had  Iwen  found  certain  star-like  images  which  wciv  snspceted  to 
be  due  to  as  yet  undiswvered  planets.  The  expedition  to  Sumatra 
was  undertaken  to  verify  these  tentative  results. 

These  two  kinds  of  reseui-eh  proved  very  attractive  to  other  parties 
a»  well,  for  the  Lick  OKsenatory,  the  Ma^sjichusetts  Institute  of 
Technology,  one  of  the  English  parties,  and  the  Dutch,  all  had  appa- 
ratus for  the  phot<igniphic  .search  after  intramereurial  planets,  and  the 
Dutch  and  French  also  used  apjtaratus  designed  for  the  thermal  study 
of  the  radiation  of  the  corona. 

The  United  States  Naval  Observatory  expedition  was  lately  six'C- 
troscopic  in  character,  while  at  the  same  time  including  tirst-clas^ 
outlit^  for  the  photo(i;raphy  of  the  i-orona.  One  of  the»e  especially 
deserves  mention,  for  it  was  undoubtedly  the  most  complete  and  well- 
arranged  apparatiLs  ever  used  for  coronal  photography.  I  refei'  to 
that  of  Professor  liarnard,  of  the  Yerkes  Observatory,  an  invited 
member  of  the  Naval  Observatory  expedition.  Professor  Barnanl  had 
the  same  optical  apjximtus  which  he  used  at  Wadeslwi-o,  Noith  Caro- 
.lina,  in  IWH),  l)ut  the  photographic  plates  were  much  more  numerous, 
owing  to  the  longer  eclipse,  and  included  one  plate  -K)  inches  ^.quafe. 
for  a  very  long  exjwsure. 

The  spectroscopic  work  of  the  Naval  Observatory  was  done  mainly 
with  diffraction  gratings,  a  rather  new  departure  in  eclipse  photogra- 
phy, and  the  programme  included  the  photography  of  the  flash  spec- 
trum and  of  the  i-oronal  spectrum.  For  the  latter.  Dr.  Gilbert  had 
polariswpic  apparatus  of  Professor  Wood's  design,  with  which  it  was 
hoped  to  prove  the  existence  of  Fraunhofer  lines. 

The  Dutch,  as  has  been  said,  covered  a  very  wide  range  of  observa- 
tion. Their  amy  otiiirei's,  at  various  stations  in  the  path  of  totality 
and  near  it,  made  meteorological  and  general  observations,  while  their 
main  party  had  an  elalwrate  outfit  for  every  kind  of  eclipse  research. 

The  English,  as  did  the  Naval  Observatory  pirty,  made  a  uiaiii  fea- 
ture of  spectroscopic  work,  including  also  direct  photography  of  the 
corona  and  of  the  regions  thereabouts,  and  other  genei'al  ol)servation.s. 

Before  proceeding  to  the  discussion  of  the  eclip,-^  itself,  a  few 
remarks  upon  the  trip,  in  which  I  had  the  gooti  fortune  to  iiarticipate. 
may  be  of  interest.     The  two  Government  expeditious  of  the  United 
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States,  while  iiKiependcnth'  sent  out,  proceeded  together  in  entire 
harmony  and  good  fellowship,  and  added,  so  far  as  was  in  th<'ir  power, 
to  eaeh  other's  success  and  enjoyment, 

Pro(.'ceding  from  Washington  on  the  5th  day  of  Febiiiary,  1!»H,  we 
reached  San  Franciseo  on  the  11th  of  the  month.  Further  iJtissaye 
wa.s  arranged  for  upon  the  army  transport  Sfu-rldan  from  San  Fran- 
cisco, bj'  waj'  of  Honolulu,  to  Manila.  The  expeditions  left  San 
Francisco  on  February  It!  and  after  a  somewhat  rough  pasMuge  (during 
which,  as  we  afterwards  learned,  the  ill-fated  steamer  Ri'^  Jaiteiro 
went  ashore  at  San  Francisco)  we  reached  Honolulu,  whei-e  we  stayed 
tioveral  days.  The  intere.st  and  enjoyment  of  our  stay  there  was 
greatly  in<  leased  by  the  kindne.ss  and  attentions  of  the  Social  Science 
Club  of  Honolulu. 

Jjcaving  Honolulu,  we  reached  Manila  March  18,  and  after  a  stay  of 
a  few  days  there,  during  which  very  interesting  visits  were  made  to 
the  office  of  the  United  States  Coast  and  (icodetic  Survey  and  to  the 
Manila  Observatory,  we  proceeded  by  the  IT.  S.  ship  Ofueral  A/'iro, 
which  had  been  detailed  by  the  \avy  Department  for  the  purpot^e, 
dir«H;t  from  Manila  to  Padang.  on  the  west  coast  of  Sumatra. 

We.  of  course,  being  without  exception  northern  hemisphere 
observei-s,  took  great  interest  in  seeing  the  unfamiliar  constellations 
rise  out  of  the  south,  and  in  seeing  our  familiar  north  star  gradually 
disappeai-.  The  officers  of  the  ship  took  every  possil)le  care  for  our 
comfort,  and  we  were  also  entertained  (and  some  of  us  immersed)  upon 
pa.ssing  the  equator,  by  the  court  of  His  Majesty  Neptunus  Rex,  who 
came  aboanl  in  true  man-of-war  style.  Another  incident  of  gi-eat 
interest  was  the  sight  of  the  famous  volcano  Krakatau,  in  the  Strait 
of  Sundu,  whose  eruption  in  1SH3  is  so  well  rememliered  as  the  occasion 
of  great  loss  of  life  and  also  of  interesting  astronomical  and  meteoro- 
logical occurrences,  due  to  the  volcanic  dust  which  was  thrown  up  to 
such  extreme  heights  that  it  became  distributed  all  over  the  world." 

We  reat^hed  our  destination  at  Padang  April  4,  near  sunset,  and 
while  the  pa.sstige  from  Manila  had  lieen  most  quiet  and  delightful,  yet 

■It  will  lie  recalleil  that  the  explosion,  which  occurred  on  Monciay,  the  27tli  fiay 
of  Auifunt,  IfWi,  ami  was  heard  wveral  thousand  miles,  took  place  about  10  o'clock 
in  the  morning,  as  detenuined,  not  by  any  o1)Mervert<,  for  none  such  xurvived  to  tell 
what  they  naw,  but  by  inet<!omlo);ical  oln^^rvutions  of  tlii;  air  wavet4  which,  prweeding 
from  the  volcano,  went  round  tlie  world,  were  reflected  l>ack  from  the  antiiMxIes, 
and  re-rettecled  from  the  volcano,  iwveu  complete  pai<sa)^'a  of  the  glotie  bein);  diatiti- 
guisheil  liefiire  they  wholly  fiilwided.  Furl herni ore,  ft  water  wave  was  thrown  up,  at 
some  jKiints  as  much  as  150  feet  alx>ve  ^*a  level,  i>n  the  Hides  of  the  Strait  of  Sunda; 
and  this  water  wave  was  ol)3erved  at  the  Ca|ie  of  Goinl  Hope,  at  (Jape  Horn,  an<l 
even  in  Ihe  English  Channel,  no  lesf  than  11,000  mile."  distant.  The  Strait  of  Sunda 
was  greatly  altered  in  Its  confljniration,  a  channel  overahundre<l  fathoms  deep  exist- 
ing where  previously  there  was  a  |Mirtion  of  a  mountain  over  a  thousand  feet  al>ove 
sea  level,  while  in  addition  a  wholly  new  island  was  formed. 
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the  remembrance  of  the  inner  harbor  will  alwavi*  wtay  with  me  a^i  the 
type  of  absolute  peace.  Scarre  a  ripple  stirred  its  surface,  scarce  a 
sound  came  to  our  ears,  and  when  a  little  later  we  heard  the  monot- 
onous but  sweet  native  mtisic  floating  over  the  water  the  feeliufr  of 
quietness  and  repose  was,  if  possil>lc,  augmented. 

Our  reception  by  the  consular  agent  of  the  United  States,  Mr.  0.  U. 
Veth,  on  board  ship  early  next  morning,  was  most  cordial,  and  noth- 
ing could  exceed  in  kindness  the  care  and  generosit}'  and  the  assistance 
which  this  gentleman  gave  us,  not  only  on  that  daj'  but  upon  every 
succeeding  day  until  we  left  the  island.  We  learned  from  him  that 
Governor  .Tockes  and  other  officials  of  the  Dutch  (iovernment  had  put 
all  possible  conveniences  at  our  disposal,  including  the  free  passage 
both  for  ourselves  and  our  instruments,  at  any  time  during  our  stay, 
all  over  the  system  of  Government  railroads  throughout  the  western 
coast  of  Sumatra. 

The  choice  of  stations  was  of  course  our  next  care.  In  the  publi- 
cations of  the  Netherlands  Eclipse  Committee,  a  series  of  meteor- 
ological observations  had  been  recorded  at  many  stations  in  Sumatra, 
and  taking  into  consideration  these,  the  facility  of  transportation  of 
apparatus,  and  other  matters,  and  after  a  i-ecounaissance  of  sevei-al 
days,  I  determined  en  my  part  to  locate  at  a  .small  place  in  the  interior 
named  Solok,  and  Professor  Skinner  of  the  Naval  Observatory  made 
the  same  choice  for  his  princijml  party.  Here  there  is  a  fort,  not  at 
present  occupied,  which,  with  its  inclosure,  was  placed  wholly  at  our 
disposal  by  the  Assistant  Resident  of  Solok,  Mr.  Derx.  This  fort  was 
admirably  suited  for  our  purposes,  for  it  has  large,  cool  rooms  and 
smaller  outbuildings,  one  of  which  was  used  for  a  photographic 
hous(^:  while  around  the  fort  was  a  le\'el  inclosure  surrounded  by  an 
embankment  and  moat,  and  still  further  by  a  system  of  barb-wire 
defences,  which  thoroughly  protected  us  not  only  from  hostile  but 
friendly  invasion.  Our  apparatus  arrived  in  perfect  oitier  and  was 
transported  from  the  railroad  station  to  the  fort  by  the  aid  of  a 
company  of  prisoners. 

While  walking  with  Mr.  Derx,  and  seeing  a  company  of  the  pris- 
oners go  by  carrying  a  load  of  our  instruments,  I  asked  him  what 
they  had  done  which  led  to  their  finding  themselves  in  this  situation. 
"Oh,"  said  he,  very  coolly,  "some  have  murdered,  othei*s  stolen,  and 
the  like." 

Our  stay  at  Solok  paj^sed  quickly  by,  the  days  being  spent  in  arrang- 
ing the  apparatus  and  in  drilling  ourselves  in  its  use,  so  that  we  found 
but  little  time  to  go  alK>ut  to  view  the  other  camps  or  to  see  the — 
to  us^strange  sights  which  the  country  afforded.  However,  partly 
through  exchanges  and  partly  through  our  own  efforts,  we  all  of  us 
secured  a  more  or  less  complete  recoi-d  of  our  tnp  and  stay,  in  the 
form  of  photographs,  two  of  which  are  here  reproduced.     (Plate  V.) 
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Our  chief  anxiety  throughout  our  preparations  was  in  regard  to  the 
weather,  and  for  the  iirwt  two  or  three  weeks  we  were  under  great 
despondency,  for  the  days  were  cloudy  almost  without  exception,  and 
at  the  hour  when  the  eclipse  would  be  total  there  was  scarcely  a  day 
in  April  when  the  observations  would  have  been  successful.  With 
May,  however,  our  hopes  were  raised,  for  while  the  days  were  aearcelj- 
ever  fair  throughout,  yet  during  the  hour  of  totality,  according  to 
Professoi'  Barnard's  count,  aljoiit  two-thirds  of  the  days  in  May  would 
have  been  suwes-^ful  eclipse  days.  Cloudy  nights,  however,  made  it 
very  difficult  to  adjust  the  apparatus,  but  by  taking  advant^e  of  what 
slight  opportunitieis  occurred  we  were  able  to  get  plenty  of  focus 
plates  by  means  of  which  we  were  assured  that  the  apparatus  was  in 
good  working  order. 

On  May  17  the  sky  was  overcast  and  it  rained  heavily,  but  we  Loped 
for  better  weather  for  the  18th,  thinking  that  so  severe  a  storm  meant 
a  speedy  clearing,  and  sure  enough  on  the  morning  of  the  18th  the  sun 
broke  through  the  cloud'^  shortly  after  his  rising,  and  the  sky  became 
of  a  clearness  which  we  never  experienced  during  all  our  stay  there. 
This  continued  until  after  10  o'clock,  when  thin,  hazy  clouds  began 
to  form  slowly,  leaving  a  perfectly  clear  belt  about  the  horizon.  The 
first  contact  came  with  no  very  prejudicial  degree  of  cloudiness,  but 
after  that  it  grew  steadily  thicker,  leaving  still  a  clear  belt  around  the 
horizon,  and  when  the  crucial  moments  of  totality  occurred  the  posi- 
tion of  the  sun  could  but  indistinctly  be  discerned.  Glimpses  of  the 
inner  corona  and  pi-ominences  could  be  seen,  with  the  planets  Venus 
and  Mercury,  but  all  more  like  a  lantern  shining  through  a  thick  fog 
than  like  anything  fit  for  astronomical  observations.  It  seemed  wholly 
useless  to  go  through  the  programme;  yet,  for  the  sake  of  having  some- 
thing to  show  that  we  had  been  at  an  eclipse,  we  exposed  all  the  intra- 
mercurial  planet  plate";  but  I  omitted  the  boloinetric  observations 
wholly,  as  they  could  not  possibly  lead  to  trustworthy  results.  1  was 
struck  with  the  amount  of  the  general  illumination.  The  belt  of 
totality  was  150  miles  wide  and  we  were  within  less  than  30  miles  of  its 
center,  so  that  there  was  a  total  eclipse  belt  of  nearly  50  miles  outside 
of  us,  and  I  had  expected  a  degree  of  darkness  comparable  almost  with 
night,  but  wa.'^  astonished  to  pei'ceive  that  in  mid-totality  the  day  was 
no  darker  than  it  often  is  during  a  heavy  fall  of  rain. 

We  were  a  soriy  party  after  the  eclipse  as  we  watehed  the  sky  again 
clear  and  give  u.s  what  we  had  so  longed  for  befoi-e— a  line  afternoon 
and  night.  Professor  Barnard,  especially,  was  almost  broken  hearted, 
for  no  one  had  an  apparatus  so  absolutely  perfect  for  its  use  as  he.  and^ 
no  one  had  drilled  himself  to  such  a  state  of  dexterity  as  he,  and  no 
one,  I  suppose,  will  ever  obtain  an  eclipse  photogmph  which  will  sur- 
pass what  he  would  with  clear  sky  have  obtained  with  his  long  expo- 
sure on  the  40-inch  mguare  plate.     To  make  his  discouragement  still 
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more  complete,  though  the  night  of  Jfay  IK  was,  n.s  I  have  said,  gener- 
ally line,  yet  when  he  tried  as  a  last  attempt  to  make  a  long  exposure 
on  the  rift-j  in  the  southern  Milky  Way,  the  vi'vy  regions  he  wished 
ino»t  to  get  l>ecame  covered  with  a  slight  degree  of  fog  which  spoiled 
the  deJinititin. 

The  other  parties  on  the  island  all  fared  hetter  than  we:  but  only 
one,  the  branch  of  the  Naval  Observatory  expedition  which  was 
located  at  Fort  de  Kock,  clone  to  the  northern  edge  of  the  shadow, 
had  perfect  seeing.  There  excellent  photographs  of  the  corona  and 
prominences  were  secured  with  the  iO-foot  Instrument,  under  Mr. 
Petei-s's  charge,  and  spectroscopic  results  of  value  were  obtained  with 
the  grating  in  the  hands  of  Dr.  Humphreys.  Dr.  Mitchell,  at  Sawah 
Loento.  was  successful  in  spite  of  clouds.  He  secured  a  tine  photo- 
gi-aph  of  the  "flash  spectrum"  at  third  contact,  which  gives  much 
information  in  regard  to  the  sun's  atmosphere.  The  large  Dutch  party 
had  but  very  unsatisfactory  results,  as  the  cloudiness  was  almost  equal 
to  that  at  Solok.  The  main  portion  of  the  English  expedition,  occu- 
pying a  small  island  just  off  the  west  coast  of  Sumatra,  had,  though 
not  a  cloudless,  yet  a  not  \ery  cloudj'  sky,  and  obtained  excellent 
results,  of  which  a  short  account  has  lately  appeared. 

Mr.  Perrine,  of  the  Lick  Observatory,  was  pretty  successful,  consid- 
ering that  he  also  observed  through  a  very  considerable  cloudiness, 
though  not  e(]ual  to  that  at  Solok.  His  intramercurial  planet  appara- 
tus revealed  possibly  thirty  or  forty  stars,  where  it  would  have  shown 
perhaps  a  thousand  had  the  sky  Iwen  clear;  but  with  his  direct  photo- 
graphs and  with  his  spectroscopic  work  he  was  much  more  successful. 
In  a  preliminary  report  from  the  Lick  Observatory  it  appears  that  he 
has  obtained  good  photographs  of  the  coronal  spectrum  extending  to 
considerable  distances  each  side  of  the  sun,  and  taken  with  slit  spectro- 
sco)>es  with  the  slit  l>oth  tangential  and  radial  to  the  sun's  limb. 

In  each  of  these  the  outer  but  not  the  iimer  corona  was  shown  to 
have  faint  Fraunhofer  absorption  lines  in  the  spectrum,  giving,  in  other 
words,  a  reflected  solar  spectrum,  thus  proving  that  a  portion  at  least  of 
the  coi-onai  light  is  reflected  from  particles.  His  siiectrum  photo- 
graphs, however,  show  in  addition  that  the  major  part  of  the  coronal 
light  is  prolmbiy  not  reflected,  and  he  attributes  it  to  the  incandescence 
of  particles  heated  by  their  proximity  to  the  sun.  This  view,  some 
readers  may  recall,  would  be  in  contradiction  to  that  tentatively 
advanced  from  considerations  of  the  bolometric  experiments  of  the 
Smith-sonian  Institution  at  Wadesboro,  North  Carolina,  in  liJOK,  which 
yielded  the  inference  that  the  inner  corona  was  relatively  a  cool  source 
of  light  assimilable  to  the  glow  discharge  or  to  the  aurora.  I  can  not 
altogether  understand  why  it  is  that  Mr.  Perrine  so  positively  pro- 
nounces the  radiation  of  the  inner  corona  that  of  an  incandescent  body 
rather  than  that  of  an  electrical  distrharge  or  something  of  a  similar 
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nature,  for  either  would  give  a  continuous  speetrum  such  as  be 
observed.  Yet  he  may  have  additional  evidence,  of  which  I  am  not 
aware,  in  support  of  this  conclusion, 

>Ir.  Perrine  has  note<l  the  very  int^roMting  fa<.'t  that  a  certain  dis- 
turbed region  of  the  corona  fell  directly  over  the  only  sun  spot  which 
appeared  on  the  sun  within  a  week  or  more  of  the  eclii>se. 

After  the  eclipse  was  over  we  spent  the  days  in  parking  the  instru- 
ments, the  nights  in  developing  the  photographs,  and  were  ready  to 
leave  the  island  by  May  '2^.  On  the  night  before  our  departuie  Mr. 
Veth,  the  United  States  consular  agent,  as  a  last  proof  of  his  great 
kindness,  gave  a  reception  to  the  American  and  English  astronomers 
and  naval  officci-s.  This  function  was  extremely  enjoyable  and  was 
participated  in  by  the  officials  of  the  Dutch  Government  and  by  the 
society  of  Padang,  and  gave  us  a.  feeling  that  however  inhospitable  to 
astronomers  coidd  be  the  climate  of  Sumatra,  yet  the  kindness  of  its 
people  went  far  to  atone  for  it. 

6,    THE   SEW   STAR   IN    PERBEU8. 

The  greatest  interest,  both  among  astronomers  and  the  public,  was 
excited  by  the  announcement  of  the  discovery  on  February  21,  liH)!, 
at  14  hours  40  minutes  Greenwich  meim  time,  by  Dr.  T.  D.  Anderson, 
of  tldinbui^h,  Scotland,  of  a  new  star  in  Perseus.  This  star  at  the 
time  of  its  discovery  was  of  the  2.7  magnitude  and  shone  with  a 
bluish  white  light.  It  rapidly  increased  in  brightness  until  on  Feb- 
ruary 23  it  reached  the  0.0  mt^nitude,  and  was  then  brighter  than 
any  tixed  star  in  the  heavens  with  the  exception  of  Sirius  and  Canopus. 
An  immediate  search  on  the  plates  taken  at  the  Harvard  College 
Obser\-atory  showed  that  on  Febniary  2,  «,  8, 18,  and  19, 11101— that  is 
to  say,  up  to  within  two  days  of  the  star's  discovery  by  Dr.  Anderson — 
there  was  no  object  there  as  bright  as  the  10.5  magnitude. 

The  duration  of  extreme  brightness  of  Nova  Persei  was  but 
temporary,  for  on  reaching  its  maximum,  on  February  23,  it  imme- 
diately commenced  to  decline,  and  by  February  2S  had  reached  the 
second  magnitude,  when,  after  a  slight  increa-ie  in  brightness,  it  again 
declinetl  nearly  continuously  until  March  IS,  when  it  had  reached  the 
fifth  m^nitude.  Then  began  a  series  of  great  ttuctuations  of  a  some- 
what periodic  nature,  with  maxima  about  two  days  apart,  so  that,  for 
instance,  on  the  Utth  of  March  the  star  was  of  the  t!.5  magnitude, 
while  on  the  21st  it  was  of  the  4.7  magnitude,  a  variation  of  nearly  (KM) 
per  cent.  These  fluctuations  continued  with  more  or  less  i-egularity, 
though  with  a  gradually  increasing  interval  between  them,  until  the 
mid<lle  of  the  summer,  when  the  brightness  liecamc  fairly  steady  at 
the  sixth  to  seventh  magnitude,  and  since  then  there  have  l»een  no  very 
considerable  alterations.      The    illustration   (Plate  VI)   taken    from 
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Popular  Astronomy,  No\-oDiber.  1901,  shows  the  history  of  the  bright- 
ness of  the  star  up  to  the  last  of  April. 

lmmediat(^ly  aft«r  its  disco^■cl■y  the  spectrum  of  Nova  Persei  was 
thoroughly  studied  both  by  photography  and  visual  observations. 
When  tii-st  found  its  spectrum  was  almost  perfectly  <-oiitinuous.  but  a 
close  examination  revealed  a  few  delicate  dark  Fraunhofer  lines  in 
the  green,  so  that  at  that  time  the  spectmm  was,  though  fcebh-  devel- 
oped, yet  of  the  so-called  Orion  typ*',,  and  very  unlike  that  of  the  other 
new  stars  which  had  heretofore  Iwen  obsen'cd,  and  of  which  bright 
lines  are  the  most  conspicuous  feature.  By  February  24  the  spectnun 
showed  a  remarkable  change,  being  now  traversed  by  imiiierous  dark 
and  bright  bands  and  closely  resembling  that  of  the  famous  Nova 
Aurigse  (an  earlier  discovery  of  Dr.  Anderson),  so  that  the  ^.ar  now 
became  entirely  similar  to  other  new  stars.  This  type  of  spectrum 
continued  with  01113-  moderate  variations  until  March  lit,  when  there 
appears  to  have-  been  a  peculiar  change  in  the  spectrum.  No  dark 
lines  were  present  on  that  date  except  a  few  faint  lines  due  to  the  par- 
tial reversal  of  the  bright  lands,  but  the  continuous  spectrum  was 
almost  invisible.  On  March  :i3,  however,  the  continuous  spectrum  had 
i-eappeared  with  narrow  dark  lines,  and  on  March  27  and  aftenvards 
there  was  a  strong  continuous  spectrum.  During  the  month  of  April 
Ihe  spectrum  departed  from  the  recognized  type  in  many  particulars, 
and  occasionally  the  continuous  part  was  absent,  only  sejiarated  bright 
bands  i-emaining.  There  appeai-s  then  to  have  been  two  types  of  spec- 
trum during  the  months  of  March,  April,  and  May,  while  the  bright- 
ness of  the  stiir  was  so  variable,  and  it  is  interesting  to  note  that  on 
the  dates  when  the  spectrum  was  peculiar — that  is  to  .say.  not  similar 
to  the  spectra  of  the  other  new  stars — the  brightness  of  Kova  Pei-sei 
was  at  a  minimum. 

But  not  only  has  Nova  Persei  made  a  characteristic  i-ecord  for  itself 
as  regards  the  variations  of  its  brightness  and  of  its  spectrum,  but  in 
August  it  presented  a  new  and  still  more  remarkable  feature.  Rejiorts 
came  from  FraruTc  that  a  faint  nebula  had  been  photographed  about 
the  -star,  and  while  this  was  at  fii-st  contradicted  and  ascrilied  to  optical 
defects  in  the  apparatus,  yet  it  was  not  long  Itefore  the  discovery  was 
thoroughly  confirmed,  and  a  faint  circular  nebula  was  pliotogi-aphed 
surrounding  the  planet  like  a  halo.  Nor  was  this  all.  for  there  were 
in  the  nebula  several  condensations  of  nebulosity,  which  were  suffi- 
ciently marked  to  have  definite  positions. 

On  Novemlwr  7  and  8  this  nebula  was  photographed  at  the  Lick 
Observatory,  and  upon  couipuring  the  position  of  the  condcn.stitions  of 
which  I  have  spoken  with  the  photograph  obtained  on  Septemlior  20, 
at  the  Yerkes  01)servatory,  it  was  found  that  these  condensations  had 
actually  moved  at  a  rate  which,  if  continued  for  a  year,  would  amount 
to  11  minutes  of  arc  in  the  heavens.     The  reader  will  tind  evidence 
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A  MODEL  OF  NATCRE." 


By  Arthur  W.  Kuckeb,  il.  A.,  L.L.IX 


"  *  "  Two  years  ago  Sir  Michael  Foster  dealt  with  the  work  of 
the  century  as  a  whole.  Last  year  Sir  William  Turner  discur^ed  in 
greater  detail  the  growth  of  a  single  branch  of  science.  A  third 
and  humbler  ta.sk  remains,  viz,  to  fix  our  attention  on  some  of  the 
hypotheses  and  a.fsumptions  on  which  the  fabric  of  modern  theo- 
retical science  has  been  built,  and  to  inquire  whether  the  foundations 
have  been  so  "  well  and  truly  "  laid  that  they  may  be  trusted  to  sustain 
the  mighty  superstructure  which  is  being  raised  upon  them. 

The  moment  is  opportune.  The  three  chief  conceptions  which  for 
many  years  have  dominated  physical  as  distinct  from  biological  science 
have  l>een  the  theories  of  the  existence  of  atoms,  of  the  mechanical 
nature  of  heat,  and  of  the  existence  of  the  ether. 

Dalton's  atomic  theory  was  first  given  to  the  world  by  a  (Slasgow 
professor — Thomas  Thomson — in  the  year  1807,  Dalton  having  com- 
municated it  to  him  in  1SU4.  Kumford's  and  Davy's  experiments  on 
the  nature  of  heat  were  published  iu  1798  and  1799,  respectively;  and 
the  celelirated  Bakerian  lecture,  in  which  Thomas  Young  estublished 
the  uiidulatory  theory  by  explaining  the  interference  of  light, 
appeared  in  the  Philosophical  Transactions  iu  1801.  The  keynotes  of 
the  physical  si-ience  of  the  nineteenth  century  were  thns  struck  as  the 
century  l)egan  by  four  of  our  fellow-countrymen,  one  of  whom — Sir 
Benjamin  Thompson,  Count  Kumford — preferred  exile  from  the  land 
of  his  birth  to  the  loss  of  his  birthright  as  a  British  citizen. 

rXJLBTS   AS   TO    SCIENTIFIC   THKORIES, 

It  is  well  known  tliat  of  late  doubts  have  arisen  as  to  whether  the 
atomic  theory,  with  which  the  mechanical  theory  of  heat  is  closely 
bound  up,  and  the  theory  of  the  existence  of  an  ether  have  not  served 
their  pur|)ose,  and  whether  the  time  bus  not  come  to  reconsider  them. 

The  facts  that  Professor  Poincar^.  addressing  a  congress  of  physi- 
cists in  Paris,  and  Professor  Poynting,  addressing  the  physical  section 

*.\<!(lrw!^  of  the  Presidt-nt  of  ihe  BniMi  Ai^K'ialion  for  the  .\(lvanremeiit  of 
Science,  al  the  Ula^^w  meeting,  IHOl.  KepriiiltKl  fronj  Rf i>ort  of  the  British  Asso- 
ciation. 1901. 
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of  the  association,  have  recently  disiuisspd  the  true  meaning  of  our 
scientific  methods  of  intei'protation;  that  Dr.  James  Ward  has  lately 
delivei-ed  an  attack  of  great  power  on  many  positions  which  eminent 
scientific  men  have  occupied;  and  that  the  approaching  end  of  the 
nineteenth  century  led  Professor  Hieckel  to  detinc  in  a  more  popular 
manner  his  own  very  definite  views  as  to  the  solution  of  the  •'Rid- 
dle of  the  Tnivorse,"  arc,  perhaps.  «  sufficient  justification  of  an 
attempt  to  lay  before  you  the  difficulties  which  surround  some  of  these 
questions. 

To  keep  the  discussion  within  reasonable  limits.  I  shall  illustrate  the 
principles  under  review  by  means  of  the  atomic  theorj*.  with  com[>ara- 
tively  little  reference  to  the  ether,  and  we  may  also  at  first  confine  our 
attention  to  inanimate  objeebif. 

THE   CONSTRUCTION    OF   A    MODEL  OF  NATURE. 

A  natural  philosopher,  to  use  the  old  phrase,  even  if  only  possessed 
of  a  most  superficial  knowledge,  would  attempt  to  bring  some  order 
into  the  results  of  his  oliservation  of  nature  by  grouping  together 
statements  with  regard  to  phenomena  which  are  obviously  related. 
The  aim  of  modem  science  goes  far  beyond  this.  It  not  only  shows 
that  many  phenomena  are  relat«d  which  at  first  sight  have  little  or 
nothing  in  common,  but,  in  so  doing,  also  attempts  to  explain  the 
relationship. 

Without  spending  time  on  a  discussion  of  the  meaning  of  the  word 
"explanation."  it  is  sufficient  to  say  that  our  efi'orts  to  establish  rela- 
tionships iK-tween  phenomena  often  take  the  form  of  attempting  to 
prove  that  if  a  limited  number  of  assumptions  are  granted  as  to  the  con- 
stitution of  matter,  or  as  to  the  existence  of  qnasi  material  entities, 
such  as  caloric,  electricity,  and  the  ether,  a  wide  range  of  observed  facts 
falls  into  order  as  a  necessary  consequence  of  the  assumptions.  The 
question  at  issue  is  whetherthe  hypotheses  which  are  at  the  Imse  of  the 
scientific  theories  now  most  generally  accepted  are  to  be  regai-ded  as 
accurate  descriptions  of  the  constitution  of  the  universe  mound  us.  or 
merely  as  convenient  fictions. 

Convenient  fictions  be  it  observed,  for  even  if  they  are  fictions  they 
are  not  useless.  From  the  practical  point  of  view  it  is  a  matter  of 
secondary  importance  whether  our  theories  and  assumptions  are  cor- 
rect, if  only  they  guide  us  to  results  which  are  in  accord  with  fa<'ts. 
The  whole  fabric  of  scientific  theory  may  be  regarded  merely  as  a 
gigantic  "aid  to  memory;"  as  a  means  for  producing  apparent  order 
out  of  disorder  by  codifying  the  observed  facts  and  laws  in  eccord- 
ancewith  an  artificial  system,  and  thus  arranging  our  knowledge  under 
a  comparatively  small  number  of  heads.  The  simplification  introduced 
by  a  scheme  which,  however  imiierfect  it  may  be.  enables  us  to  argue 
f  i-om  a  few  first  principles,  makes  theories  of  practical  use.     By  means 
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of  tbem  we  can  forsec  the  results  of  combinations  of  causes  which 
would  otherwise  elude  us.  We  can  predict  future  events,  and  can 
even  attempt  to  argue  back  from  the  present  to  the  unknown  past. 

But  it  is  possible  that  these  advantages  might  ]>e  attained  by  means 
of  axioms,  assumptions,  and  theories  based  on  very  false  ideas.  A 
person  who  thought  that  a  river  was  really  a  sti-eak  of  blue  paint  might 
learn  as  much  about  its  direction  from  a  map  as  one  who  knew  it  as  it 
is.  It  is  thus  conceivable  that  we  might  bo  able,  not  indeed  to  con- 
struct, but  to  imagine,  something  more  than  h  mere  map  or  diagram, 
something  which  might  even  be  called  a  working  model  of  inanimate 
objects,  which  was,  nevertheless,  very  unlike  the  realities  of  nature.  Of 
course  the  agreement  between  the,  action  of  the  model  and  the  behavior 
of  the  things  it  was  designed  to  represent  would  probably  be  imperfect, 
unless  the  one  were  a  facsimile  of  the  other;  but  it  is  conceivable  that 
the  correlation  of  natural  phenomena  could  t>e  imitated,  with  a  large 
taieasure  of  success,  by  means  of  an  imaginary  machine  which  shared 
with  a  map  or  diagram  the  characteristic  that  it  was  in  many  ways 
unlike  the  things  it  represented,  but  might  be  compared  to  a  model  in 
that  the  behavior  of  the  things  represented  could  be  predicted  from 
that  of  the  corresponding  parts  of  the  machine. 

We  might  even  go  a  step  farther.  If  the  laws  of  the  working  of  the 
model  could  be  expressed  by  abstractions,  as,  for  example,  by  mathe- 
maticid  foruiulie,  then,  when  the  formulie  were  obtained,  the  model 
might  be  discarded,-  as  probably  unlike  that  which  it  was  made  to 
imitate,  as  a  mere  aid  in  the  conintruction  of  equations,  to  be  thrown 
aside  when  the  perfect  structure  of  mathematical  symbols  was  erected. 

If  this  course  were  adopted  we  should  have  given  up  the  attempt  to 
know  more  of  the  nature  of  Ihe  objects  which  sun-ound  us  than  can  be 
gained  by  direct  observation,  but  might  nevertheless  have  learned 
how  these  objects  would  l>ehave  under  given  circumstances. 

We  should  have  abandoned  the  hope  of  a  physical  explanation  of 
the  properties  of  inanimate  nature,  but  should  have  secured  a  mathe- 
matical description  of  her  operations. 

There  is  no  doubt  that  this  is  the  easiest  path  to  follow.  Criticism 
is  avoided  if  we  admit  from  the  fii'st  that  we  can  not  go  below  the  sur- 
face; can  not  know  anything  about  the  constitution  of  material  Iwdies, 
but  must  be  content  with  formulating  a  description  of  their  behavior 
by  means  of  laws  of  nature  expressed  by  equations. 

But  if  this  is  to  be  the  end  of  the  study  of  nature,  it  is  evident  that 
the  construction  of  the  model  is  not  an  essential  part  of  the  proce,s3. 
The  model  is  used  merely  as  an  aid  to  thinking,  and  if  the  relations  of 
phenomena  can  be  investigated  without  it,  -so  much  the  better.  The 
highest  form  of  theory — it  may  be  said — the  widest  kind  of  generali- 
zation, is  that  which  has  given  up  the  attempt  to  form  clear  mental 
pictures  of  the  constitution  of  matter,  which  expresses  the  facts  and 
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the  laws  by  language  and  syml>ols  which  lead  to  results  that  are  trup. 
whatever  be  our  view  at*  to  the  real  nature  of  the  objects  with  which 
we  deal.  From  thi«  point  of  \'iew  tiie  atomic,  theory  becomes  not  so 
much  false  as  unnecessary.  It  may  lie  regarded  as  an  attempt  to  give 
an  unnatuiul  precision  to  ideas  which  are  and  must  be  vague. 

Thus,  when  Kumford  found  that  the  mere  friction  of  metals  pro- 
duced heat  in  unlimited  quantity,  and  nrgued  that  hent  was  therefore 
a  mode  of  motion,  he  formed  a  clear  mental  picture  of  what  he  believed 
to  l>e  occurring.  But  his  experiments  mtiy  be  quoted  as  proving  only 
that  energy  van  be  supplied  to  a  body  in  indefinite  quantity,  and  when 
supplied  by  doing  work  against  friction  if  appears  in  the  form  of  heat. 

By  using  this  phraaeologv  we  exchange  a  vivid  conception  of  mov- 
ing atoms  for  a  colorless  statement  as  to  heat  energy,  the  real  nature 
of  which  we  do  not  attempt  to  dehne,  and  methods  which  thus  evade 
the  problem  of  the  natuie  of  the  things  nhiuh  the  symbols  in  our 
equations  represent  have  lieen  piosetuted  with  striking  success,  at  all 
events,  within  the  range  of  a  limited  class  of  phenomena.  A  great 
school  of  chemists,  building  upon  the  thermodynamics  of  WUIard 
Gibbs  and  the  intuition  of  Van't  Hoff,  have  shown  with  wonderful 
skill  that,  if  a  sufficient  number  of  the  data  of  experiment  are  assumed, 
it  is  possible,  by  the  aid  of  thermodynamics,  to  trace  the  form  of  the 
relations  between  many  physical  and  chemical  phenomena  without  the 
help  of  the  atomic  theory. 

But  this  method  deals  only  with  matter  as  our  coarse  senses  know 
it;  it  does  not  pretend  to  (wnetrate  l>eneath  the  surface. 

It  is  therefore  with  the  greatest  respect  for  its  authors,  and  with  a 
full  recognition  of  the  enormous  power  of  the  weapons  emploj'ed, 
that  I  venture  to  assert  that  the  exposition  of  such  a  system  of  tactics 
can  not  be  regarded  as  the  last  word  of  science  in  the  struggle  for  the 
truth. 

Whether  we  grapple  with  them  or  whether  we  shirk  theui;  however 
much  or  however  little  we  can  accomplish  without  answering  them, 
the  questions  stilt  force  themselves  upon  us:  Is  matter  what  it  seems 
to  bei  Is  intei-planctary  space  full  or  empty?  Can  we  argue  back 
from  the  direct  Impressions  of  our  senses  to  things  which  we  can  not 
directly  perceive — from  the  phenomena  displayed  by  matter  to  the 
constitution  of  matter  itself! 

It  is  these  (juestions  which  we  are  discu.ssing  to-night,  and  we  may 
therefore,  as  far  as  the  present  address  is  concerned,  put  aside,  once 
for  all,  meth«Hls  of  scientilic  exposition  in  which  an  attempt  to  form  a 
mental  picture  of  the  constitution  of  matter  is  practically  alwuidoned. 
and  devote  ourselves  to  the  inquiries  whether  the  effort  to  form  such 
u  picture  is  legitimate,  and  whether  we  have  any  reason  to  ixdieve 
that  the  sketch  which  science  has  already  drawn  is  to  some  extent  a 
copy,  and  not  a  mere  diagi-ani,  of  the  truth. 
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SCCCESSITK   STEPS   IN    THE   ANALYSIS   < 


In  dealing,  then,  with  the  tiuestion  of  the  constitution  of  matter  and 
the  possibility  of  repivsi-nting  it  accurately,  we  may  giunt  at  once 
that  the  ultimate  nature  of  things  is,  and  must  retuain,  unknown;  l>ut 
it  does  not  follow  that  immediately  below  the  complexities  of  the 
superficial  phenomena  which  affoot  our  senses  there  may  not  Iw  a 
simpler  machinery  of  the  existence  of  which  we  can  obtain  evidence, 
indirect,  indeed,  but  conclusive. 

The  fact  that  the  apparent  unity  which  we  call  the  atmosphere  can 
be  resolved  into  a  nuuil>er  of  different  gases  is  admitted:  thoufi;h  the 
ultimate  nature  of  oxygen,  nitrogen,  argon,  carbonic  acid,  and  water 
vapor  is  a.s  unintelligible  as  that  of  air  as  a  whole,  so  that  the  analysis 
of  air  may  l>e  said  to  have  sulistituted  many  incomprehensibles  for  one. 

Nobody,  however,  looks  at  the  question  from  this  point  of  view. 
It  is  recognized  that  an  investigation  into  the  proximate  constitution 
of  things  may  be  useful  and  successful,  even  if  their  ultimate  nature 
is  bei'ond  our  ken. 

Nor  need  the  analysis  stop  at  the  tirst  step.  Water  vapor  and  car- 
bonic acid,  themselves  constituents  of  the  atmosphere,  are  in  turn 
i-esolved  into  their  elements,  hydrogen,  oxygen,  and  carbon,  which, 
without  a  fonnal  discussion  of  the  criteria  of  reality,  we  may  .safely 
say  are  a.s  real  as  air  itself. 

Now,  at  what  point  must  this  analysis  stop  if  we  are  to  avoid  cross- 
ing the  boundary  lietween  fact  and  liction^  Is  there  any  fundamental 
difference  between  resolving  air  into  a  mixture  of  gases  and  resolving 
an  elementary  gns  into  a  mixture  of  atoms  and  ether  i 

There  are  tho.se  who  cry  halt  at  the  point  at  which  we  divide  a  gas 
into  molecules,  and  their  first  objection  seeui-s  to  be  that  molecules  and 
atoms  can  not  be  directly  perceived,  can  not  I;e  .seen  or  handled,  and 
are  mere  conceptions,  which  have  their  uses,  but  L-an  not  be  regarded 
as  realities. 

It  is  easiest  to  reply  to  this  objection  by  an  illustration. 

The  i-ings  of  Saturn  appear  to  be  contiimous  masse."  separated  by 
circular  rifts.  This  is  the  phenomenon  which  is  observed  through  a 
telescope.  By  no  known  means  can  we  ever  approach  or  handle  the 
rings;  yet  everylwdy  who  understands  the  evidence  now  believes  that 
they  are  not  what  they  appear  to  be,  but  consist  of  minute  nioonlets, 
closely  packed,  indeed,  but  scpai-ate  the  one  from  the  other. 

In  the  fii'st  place,  Maxwell  proved  mathematically  that  if  a  yaturn- 
iau  ring  were  a  continuous  .solid  or  fluid  mass  it  would  be  unstable 
and  would  necessarily  break  into  fragments.  In  the  next  place,  if  it 
were  possible  for  the  ring  to  revolve  like  a  solid  body,  the  inmost 
parts  would  move  slowest,  while  a  satellite  moves  faster  the  nearer  it 
is  to  a  planet.     Now,  spectroscopic  observation,  Imsed  on  the  beautiful 
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method  of  Sir  W.  Huggin:*,  .shows  not  only  that  the  inner  portions  of 
the  ring  move  the  more  rapidly,  but  that  the  actual  velocities  of  the 
outer  and  inner  edges  are  in  close  accord  with  the  theoretical  velocities 
of  satellites  at  like  distances  from  the  planet. 

This  and  a  hundred  similar  cases  prove  that  it  is  possible  to  obtain 
convincing  evidence  of  the  constitution  of  bodies  between  whose  sepa- 
rate parts  wc  can  not  directly  distinguish,  and  I  take  it  that  a  physicist 
who  ))elicves  in  the  reality  of  atoms  thinks  that  he  has  as  good  reason 
for  dividing  an  apparently  continuous  gas  into  molecules  as  he  has  for 
dividing  the  apparently  continuous  Saturnian  rings  into  satellites.  If 
he  is  wrong  it  is  not  the  fact  that  molecules  and  satellites  alike  can  not 
be  handled  and  can  not  be  seen  as  individuals  that  constitutes  the  dif- 
ference between  the  two  case'?. 

It  may,  however,  be  urged  that  atoms  and  the  ether  are  alleged  to 
have  properties  different  from  those  of  matter  in  bulk,  of  which  alone 
our  senses  take  direct  cognizam-e,  and  that  therefore  it  is  impossible  to 
pi-ove  their  existence  by  evidence  of  the  same  cogency  as  that  which 
may  prove  the  existeni-e  of  a  newly  discovei"ed  variety  of  matter  or  of 
a  portion  of  matter  too  stuall  or  too  distant  to  be  seen. 

This  point  is  so  iraj>(>rtant  that  it  requires  full  discussion,  but  in  deal- 
ing with  it.  it  is  necessary  to  distinguish  carefully  between  the  validity 
of  the  arguments  which  support  the  earlier  and  more  fundamental 
propositions  of  the  theory  and  the  evidence  brought  forward  to  jus- 
tify mere  speculative  applications  of  its  doctrines  which  might  l)e 
abandoned  without  discaiiling  the  theory  itself.  The  proof  of  the 
theory  must  be  carried  out  step  by  step. 

The  lirst  step  is  comrerned  wholly  with  sonic  of  the  most  geneml 
properties  of  matter,  and  consists  in  the  proof  that  those  properties 
are  either  alwolutely  unintelligible,  or  that,  in  the  car-e  of  matter  of  all 
kinds,  we  are  subject  to  an  illusion  similar  to  that,  the  results  of  which 
we  admit  in  the  case  of  Saturn's  rings,  clouds,  smoke,  and  a  number 
of  similar  instances.  The  l»eliever  in  the  atomic  theory  asserts  that 
matter  exists  in  a  particular  state;  that  it  consists  of  jMirts  which  are 
separate'  and  distinct  the  one  from  the  other,  and  as  such  are  capable 
of  independent  movements. 

Up  to  this  point  no  question  arises  as  to  whether  the  separate  parts 
are,  like  grains  of  sand,  mere  fi'agments  of  matter,  or  whether,  though 
they  are  the  bricks  of  which  matter  is  built,  they  have,  as  individuals, 
properties  different  from  those  of  masses  of  matter  large  enough  to  be 
directly  peiteived.  If  they  are  mere  fragments  of  ordinary  matter, 
they  can  not  l>e  used  as  aids  in  explaining  those  qualities  of  matter 
which  they  themselves  share. 

We  can  not  explain  things  by  things  themselves.  If  it  be  true  that 
the  properties  of  matter  are  the  product  of  an  underlying  machinery, 
that  machinery  can  not  itself  have  the  properties  which  it  produces, 
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and  must,  to  that  extent,  at  all  events,  differ  from  matter  in  bulk  a«  it 
is  directly  presented  t^)  the  si-nses. 

If,  however,  we  can  succeed  in  showing  that  if  the  separate  parts 
have  a  limited  number  of  properties  (different,  it  may  be,  from  those 
of  matter  in  bulk),  the  many  and  complii'ated  pn>perties  of  matter  can, 
to  a  considerable  extent,  lie  explained  as  consequences  of  the  constitu- 
tion of  these  separate  |)arts;  we  shall  have  succeeded  in  estaldishing, 
with  regard  to  quantitative  projicrtles.  a  simplification  similar  to  that 
which  the  chemist  has  estal>lishetl  with  regard  to  varieties  of  matter. 
The  many  will  have  been  reduced  to  the  few. 

The  proofs  of  the  physical  reality  of  the  entities  discovered  by  moans 
of  the  two  analyses  must  noccssarily  be  different.  The  chemist  can 
actually  produce  the  elementary  constituents  into  which  he  has  renolved 
a  compound  mass.  No  physicist  or  chemist  can  pi-oduce  a  single  atom 
separated  from  all  itM  fellows  and  show  that  it  possesses  the  elemen- 
tary qualities  he  assigns  to  it.  'i'hc  cogency  of  the  evidence  for  any 
BUggeatC'A  constitution  of  atoms  nmst  vary  with  the  numlier  of  facts 
whi<;h  the  hypothesis  that  they  poss<'Ms  that  (constitution  explains. 

Let  us  take,  then,  two  steps  in  their  pro[M?r  order,  and  inquire,  fii*st, 
whether  there  is  valid  ground  for  lielieving  that  all  matter  is  made 
up  of  discrete  parts;  and,  secondly,  whether  we  can  have  any  knowl- 
edge of  the  constitution  or  properties  which  tho.se  pails  possess. 

TUB   (OARSK-IJKAINBIINESS   OF   MATTKR. 

Matter  in  bulk  a|)|M>ars  to  l«>  continuous.  Such  substjinces  a.-<  water 
or  air  apjwar  to  the  ordinary  okscrver  to  l>e  jwrfectly  uniform  in  all 
their  properties  and  qualities,  in  all  their  [mrfci. 

The  hasty  conclusion  that  these  bodies  art!  really  uniform  is,  never- 
theless, unthiiikalile. 

In  the  first  place  the  phenomena  of  dilTusion  afford  conclusive  proof 
that  matter  when  iippaivnily  quiescent  is  in  fiurt  in  a  stat<!  of  internal 
conmiotion.  1  need  not  recapitulate  the  familiar  evidence  to  prove 
that  gases  and  many  ]i([uids  when  placed  in  connnuni<-ation  inteq>enc- 
tmte  or  diffuse  into  each  other;  <ir  that  air,  in  contact  with  a  surface 
of  water,  gradually  becomes  laden  with  water  \apor,  while  the  atmos- 
pheric gases  in  turn  mingle  with  the  water.  Such  phenomena  arc  not 
exhibited  by  liquids  and  gases  alone,  nor  by  solids  at  high  tempera- 
tures only.  Sir  W.  Rolwrts- Austen  has  placed  pieces  of  gold  and 
lead  in  conta<-t  at  a  tcmpeniture  of  l.S-  C.  After  four  years  the  gold 
had  traveli\l  into  the  lend  to  such  an  extent  that  not  only  were  the  two 
metals  united,  but,  on  analysis,  appreciiible  quantities  of  the  gold  were 
detected  even  iit  a  distiir«'e  of  mure  than  '>  juillinu'ters  from  the  com- 
mon surfa<'e.  while  within  a  distance  of  thii'e -quarters  of  a  millimeter 
from  the  surface  gohl  luul  pcnutrati'd  into  the  lead  to  the  extent  of 
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1  ounce  6  pennyweights  per  ton,  an  amount  which  could  have  l>cen 
ppofitabiy  extracted. 

Whether  it  is  or  is  not  possible  t<j  devise  any  other  intelligible 
account  of  the  cause  of  such  phenomena,  it  is  certain  that  a  simple  and 
ade(]uate  explanation  is  found  in  the  hypothesis  that  iiiatU^r  consists  of 
discrete  parts  in  a  stjit«  of  motion,  which  can  penetrate',  into  the  spaces 
Iwtween  the  corresponding  parts  of  the  surrounding  l>odies. 

The  hypothesis  thus  framed  is  also  the  one  which  atfords  a  rational 
explanation  of  other  simple  and  well-known  facts.  If  matter  is 
regarded  a^  a  continuous  modimii  the  phenomena  of  expansion  are 
unint4->lligible.  There  is,  apparently,  no  limit  to  the  expansion  of 
matter,  or,  to  tix  our  attention  on  one  kind  of  matter,  let  us  say  to  the 
expansion  of  gas;  but  it  is  inconceivable  that  a  continuous  material 
which  fills  or  is  present  in  every  part  of  a  given  space  trould  also  be 
present  in  every  part  of  a  space  a  million  times  aj^  great.  Such  a  state- 
ment might  be  made  of  a  mathematical  abstraction;  it  can  not  l>e  true 
of  any  real  substance  or  thing.  If,  however,  matter  consists  of  dis- 
crete particles,  separated  from  each  other  either  by  empty  space  or 
by  something  different  from  themselves,  we  can  at  once  understand 
that  expansion  and  contniction  may  !»  nothing  more  than  the  mutual 
separation  or  approach  of  these  particles. 

Again,  no  clear  mental  picture  can  be  fonned  of  the  phenomena 
of  heat  unless  we  suppose  that  heat  is  a  mode  of  motion.  In  the 
words  of  Rumfoixl,  "  it  is  extremely  ditGcidt,  if  not  quite  impossible, 
to  form  any  distim-t  idea  of  anything  capable  of  being  excited  and 
communicated  in  the  manner  the  heat  was  excited  and  communicated 
in  [his]  experiment  [on  friction]  except  it  be  motion."'  And  if  heat 
be  motion,  there  can  \>c  no  doubt  that  it  is  the  fundamental  particles 
of  matter  which  are  moving.  For  the  motion  is  not  visible,  is  not 
motion  of  the  ^>ody  as  a  whole,  while  diffusion,  which  is  a  movement 
of  matter,  goes  on  more  quickly  as  the  temperature  rises,  thereby 
proving  that  the  internal  motions  have  liecome  more  rapid,  which  is 
exactly  the  result  which  would  follow  if  these  were  the  movements 
which  constitute  sensible  heat. 

Combining,  then,  the  phenomena  of  diffusion,  expansion,  and  hejit, 
it  is  not  too  much  to  say  that  no  hypotheses  which  make  them  intelli- 
gible have  ever  been  framed  other  than  those  which  are  at  the  basis  of 
the  atomic  theory. 

Many  other  considerations  also  point  to  the  same  conclusion.  Many 
years  ago  Lord  Kelvin  gave  indep<indent  arguments,  lM.sed  on  the 
properties  of  gases,  on  the  constitutions  of  the  surfaces  of  lii|uids.  and 
on  the  electric  properties  of  metals,  all  of  which  indicate  that  matter 
is,  to  use  his  own  phrase,  coarse-grained — that  it  is  not  identiial  in 
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constitution  throughout,  but  that  adjacent  minute  parts  are  distin- 
guistiable  from  each  other  by  being  either  of  difterent  natures  or  in 
different  states. 

And  here  it  is  necessary  to  insist  that  all  these  fundamental  proofs 
are  iiidependeot  of  the  nature  of  the  particles  or  granules  into  which 
matter  must  be  divided. 

The  particles,  for  instance,  need  not  l>c  different  in  kind  fi-om  the 
medium  which  surrounds  and  separates  them.  It  would  suffice  if  they 
were  what  may  be  tailed  singular  parts  of  the  medium  itself,  differing 
from  the  rest  only  in  some  peculiar  state  of  internal  motion  or  of  dis- 
tortion, or  by  being  in  some  other  way  earmarked  as  distinct  individ- 
uals. The  view  that  the  constitution  of  matter  is  atomic  may  and 
does  receive  support  from  theories  in  which  definite  assumptions  are 
made  as  to  the  constitution  of  the  atoiuK,  but  when,  as  is  often  the 
case,  these  assumptions  introduce  new  and  more  recondite  difficulties, 
it  must  be  rememlwred  that  the  fundamental  hypothe-sis — that  matter 
consists  of  discrete  parts,  capable  of  independent  motions — is  forced 
upon  us  by  facts  and  arguments  which  are  altogether  independent  of 
what  the  nature  and  properties  of  these  separate  parts  may  be. 

As  a  matter  of  history  the  two  theories,  which  are  not  by  any  means 
mutually  exclusive,  that  atoms  are  particles  which  can  be  treated  as 
distinct  in  kind  from  the  medium  which  surrounds  them,  and  that  they 
are  parts  of  that  medium  existing  in  a  special  state,  have  both  played 
a  large  part  in  the  theoretical  development  of  the  atomic  hypothesis. 
The  atoms  of  Waterston,  Clausius,  and  Maxwell  were  particles.  The 
vortex-atoms  of  Lord  Kelvin,  and  the  .strain-atoms  (if  I  may  call  them 
so)  suggested  by  Mi-,  Larmor,  are  states  of  a  primary  medium  which 
constitutej;  a  physical  connection  between  them,  and  through  which 
their  mutual  actions  arise  and  are  transmitted. 

PEOPERTIES   OP  THE    BASIS   Of    MATTER. 

It  is  easy  to  show  that,  whichever  alternative  be  adopted,  we  are 
dealing  with  something,  whether  we  consider  it  under  the  guise  of 
separate  particles  or  of  differentiated  portions  of  the  medium,  which 
has  properties  different  from  those  of  matter  in  bulk. 

For  if  the  basis  of  matter  had  the  same  constitution  as  matter,  the 
iri-egular  heat  movements  could  hardly  1«  maintained  either  against 
the  viscosity  of  the  medium  or  the  frittering  away  of  energy  of 
motion  which  would  occur  during  the  collisions  between  the  particles. 
Thus,  even  in  the  case  in  which  a  hot  body  is  prevented  from  losing 
heat  to  surrounding  objects,  its  sensible  heat  should  sixjntaneously 
decay  by  a  process  of  self-cooling.  No  such  phenomenon  is  known, 
and  though  on  this,  as  on  all  other  points,  the  limits  of  our  knowledge 
are  fixed  by  the  uncertainty  of  expcrimenL,  wc  arc  cumpcltcd  to 
admit  that,  to  atl  api^earancc,  the  fundamental  medium,  if  it  exists,  is 
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unlike  a  material  medium,  in  that  it  ia  nonvii^cous;  and  that  the 
particles,  if  they  exist,  are  so  constitued  that  energy  is  not  frittei-ed 
away  when  they  eollide.  In  either  case  we  are  dealing  with  some- 
thing different  from  matter  itself  in  the  sense  that,  though  it  is  the 
ba-si^  of  matter,  it  is  not  identical  in  all  its  properties  with  matter. 

The  idea  therefore  that  entities  exist  possessing  properties  different 
from  those  of  matter  in  bulk  is  not  introduced  at  the  end  of  a  long 
and  recondite  investigation  to  explain  facts  with  which  none  Iiut 
expei'ts  arc  acquainted.  It  is  forced  upon  us  at  the  very  threshold  of 
our  study  of  nature.  Either  the  properties  of  matter  in  bulk  can  not 
be  referred  to  any  simpler  structure,  or  that  simpler  structure  must 
have  proj)erties  different  from  those  of  matter  in  bulk  as  we  directly 
knew  it — pi-operties  which  can  only  l>e  inferred  from  the  results  which 
thoy  pi-oduce. 

No  tl  priori  argument  ^rainst  the  possibility  of  our  discovering  the 
existence  of  quasi-material  substances,  which  are  nevertheless  different 
from  matter,  can  prove  the  negative  proposition  that  such  substances 
can  not  exist.  It  is  not  a  self-evident  truth  that  no  substance  other 
than  ordinary  matter  can  have  an  existence  as  real  as  that  of  matter 
itself.  It  is  not  axiomatic  that  matter  can  not  be  composed  of  parts 
whose  projwrties  are  different  from  those  of  the  whole.  To  a.s.sert 
that  even  if  such  substances  and  such  parts  exist  no  evidence,  however 
cogent,  could  convince  us  of  their  existence  is  to  licg  the  whole  ques- 
tion at  issue ;  to  dc*-ide  the  cause  before  it  has  been  heard. 

We  must  therefore  adhere  to  the  standpoint  adopted  by  most  scien- 
tific men,  viz,  that  the  question  of  the  existence  of  ultraphysical  enti- 
ties, such  as  atoms  and  the  ether,  is  to  be  settled  by  the  evidence,  and 
must  not  be  ruled  out  as  inadmissible  on  a  priori  gi-ounds. 

On  the  other  hand,  it  is  impossible  to  deny  that,  if  the  mere  entry 
on  the  search  for  the  concealed  cau-ses  of  physiiral  phenomena  is  not  a 
trespass  on  gi-ound  we  have  no  right  to  explore,  it  is  at  all  e\ents  the 
beginning  of  a  dangerous  journey. 

The  wraiths  of  phlogiston,  oiloric,  luminiferous  corpuscles  and  a 
crowd  of  other  phantoms  haunt  the  investigator,  and  as  the  grim  host 
vanishes  into  nothingness  he  can  not  but  wonder  if  his  own  concep- 
tions of  atoms  and  of  the  ether 

shall  dissolve. 

And,  like  this  insiilictanlifil  paiiMnt  failed, 

l.eave  not  a  wnick  Ijeliind, 

But  though  science,  like  Bunyan's  hero,  has  sometimes  had  to  jMiss 
through  the  "  Valley  of  Humiliation,*^  the  specters  which  meet  it  there 
are  not  really  dangerous  if  they  ai'e  boldly  faced.  The  facts  that  mis- 
takes have  been  made,  that  theories  have  I)een  propounded,  and  for  a 
time  accepted,   which   later   investigations   have  disproved,  do   not 
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necessarily  discredit  the  method  adopted.  In  si-ientific  theories,  as  in 
the  world  around  us,  there  is  a  ijurvival  of  the  titte^t,  and  L>r.  •lames 
Ward's  unsymp«thetic  account  of  the  blunders  of  those  whose  work 
after  all  has  shed  glory  on  the  ninefenth  century,  might  mutatis 
mutandis  stand  for  a  description  of  the  history  of  the  advance  of  civil- 
ization. "The  storj'  of  the  progress  so  far,"  he  tells  us,  "is  briefly 
this:  Divergence  between  theory  and  fact  one  part  of  the  way,  the 
wreckage  of  abandoned  fictions  for  the  rest,  with  an  unattainable  goal 
of  phenomenal  nihilism  and  ultraphysical  mechanism  beyond."" 

"The  path  of  projjress,"  says  Prof.  Karl  Pearson,  "is  strewn  with 
the  wreck  of  nations.  Traces  are  everywhere  to  l>e  seen  of  the  heca- 
tombs of  inferior  races  and  of  victims  who  foun<l  not  the  narrow 
way  to  the  greater  perfection.  Yet  these  dead  peoples  aie  in  very 
truth  the  stepping-.stones  on  which  mankind  has  arisen  to  the  higher 
intellectual  and  dee|>er  emotional  life  of  to-day."'' 

It  is  only  necessary  to  add  that  the  progi-ess  of  society  is  directed 
toward  an  unattainable  goal  of  universal  contentment  to  make  the 
parallel  complete. 

And  so,  in  the  one  case  as  in  the  other,  we  may  leave  "the  dead 
to  bury  the  dead."  The  question  before  us  is  not  whether  we  too  may 
not  bo  trusting  to  false  idea.s,  eri'oneou.«  experiments,  evanescent 
theories.  No  doubt  we  are;  but,  without  making  an  insolent  claim  to 
bo  better  than  our  fathers,  we  may  fairly  contend  that,  amid  much 
that  is  uncertain  and  temporary,  some  of  the  fundamental  <-onceptions, 
the  root  ideas  of  science,  are  so  grounded  on  reason  and  fact  that  we 
can  not  but  regard  them  as  an  aspect  of  the  very  truth. 

Enough  has,  perhafi-s,  now  >)cen  said  on  this  point  for  my  immediate 
purpose.  The  argument  a,**  to  the  constitution  of  matter  could  be 
developed  further  in  the  manner  1  have  hitherto  adopted,  viz,  by 
series  of  propositions,  the  proof  of  each  of  which  is  Iwjsed  upon  a  few 
crucial  phenomena,  in  pai'ticular,  if  matter  is  divided  into  moving 
granules  or  particles,  the  phenomenon  of  cohesion  proves  that  there 
must  be  nmtual  actions  twtwecn  them  anal<^ous  to  those  which  take 
place  l>etween  large  masses  of  matter,  and  which  we  ascrltie  to  force, 
thereby  indicating  the  regular,  unvarying  operation  of  a<.^tive  ma- 
chinery which  we  have  not  yet  the  means  of  adequately  undei-standing. 
For  the  moment,  1  do  not  wish  to  extend  the  line  of  reasoning  that 
has  Ijeen  followed.  My  main  object  is  to  show  that  the  notion  of  the 
exi.'itence  of  ultraphysical  entities  and  the  leading  outlines  of  the 
atomic  theory  are  forced  upon  us  at  the  l^eginning  of  our  study  of 
nature,  not  only  by  a  priori  considerations,  but  in  the  attempt  to  com- 
prehend the  results  of  even  the  simplest  obseiTation.  These  outlines 
can  not  lie  effaced  by  the  difhcultioi  which  undoubtedly  arise  in  tilling 
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up  the  picturo.  Thp  cogcnc)-  of  the  proof  that  mattrr  is  coarse 
gminftl  is  ill  no  way  affected  by  the  fact  that  we  have  grave  doubtii  as 
to  the  nature  of  granules.  Nay,  it  Ik  of  the  first  importance  to  recog- 
nize that,  though  the  fundamental  assumptions  of  the  atomic  theory 
receive  overwhelming  suppoi-t  from  a  number  of  more  detailed  argu- 
meiit'j,  they  are  themselves  almoi^t  of  the  nature  of  axioms,  in  that  the 
simplest  phenomena  are  unintelligible  if  they  are  abandoned. 

THE    RANGE  OP   THE   ATOMIC   THEORY. 

£t  would  be  most  unfair,  however,  to  the  atomic  theory  to  represent 
it  a»  depending  on  one  line  of  reasoning  only,  or  to  treat  its  evidence 
as  bounded  l>y  the  very  general  propositions  I  have  discussed. 

It  is  true  that  as  the  range  of  the  theory  is  extended  the  fundamental 
conception  that  matter  is  granular  must  bf.  expanded  and  filled  in  by 
supplementary  hypotheses  as  to  the  constitution  of  granules.  It  may 
also  be  admitte<l  that  no  complete  or  wholly  satisfactory  description  of 
that  constitution  can  as  yet  he  given;  that  perfection  has  not  yet  been 
attained  here  or  in  any  other  branch  of  science;  but  the  number  of 
facts  which  can  Ik'  accounted  for  by  the  theory  is  very  large  compared 
with  the  number  of  additional  hypotheses  which  arc  introduced;  and 
the  cumulative  weight  of  the  additional  evidence  obtained  by  the  study 
of  details  is  such  as  to  add  greatly  to  the  strength  of  the  conviction 
-.  that,  in  its  leading  outlines,  the  theory  i.s  true. 

It  was  oi'iginally  suggested  by  the  facts  of  chemistry,  and  though,  as 
we  have  seen,  a  school  of  chemists  now  thrusbs  it  into  the  background, 
it  is  none  the  less  true,  in  the  woi-ds  of  Dr.  Thorpe,  that  "  every  great 
advance  in  chemical  knowledge  during  the  last  ninety  years  finds  its 
intei-pretation  in  [Dalton's]  theory."" 

The  principal  mechanical  and  thermal  properties  of  gases  have  been 
explained  and  in  a  large  part  discovered  by  the  aid  of  the  atomic 
theory,  and  though  there  are  outstanding  ditficulties,  they  are,  for  the 
most  part,  related  to  the  nature  of  the  atoms  and  molecules,  and  do  not 
affect  the  question  a.s  to  whether  they  exist. 

The  fact  that  different  kinds  of  light  all  ti-avcl  at  the  same  speed  in 
interplanetary  sjmce,  while  they  move  at  different  nit«s  in  matter,  is 
explained  if  matter  is  i-oarse  grtiined.  But  to  attempt  to  sum  up  all 
this  evidence  would  be  to  recite  a  text-book  on  physics.  It  must  suf- 
fice to  say  that  it  is  enormous  in  extent  and  varied  in  churactei",  and 
that  the  atomic  theory  imparts  a  unity  to  all  the  physical  sciences 
which  has  been  attained  in  no  other  way. 

I  must,  however,  give  a  couple  of  instances  of  the  wonderful  success 
which  has  been  achieved  in  the  explanation  of  physical  phenomena  by 
the  theory  we  arc  considering,  and  I  select  them  because  thej'  are  ia 
harmony  with  the  line  of  argument  I  have  been  pursuing. 

■Thorpe,  Eseays  on  Uialorical  Chemistry,  18M,  p.  368. 
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When  a  piece  of  iron  is  magnetized  its  l>ehavior  is  different  arcoixl- 
ing  as  the  magnetic  force  applied  to  it  is  weak,  moderate,  or  strong. 
When  a  certain  limit  is  passed  the  iron  behaves  aa  a  nonmagnetic  sub- 
stance to  all  further  addition  of  magnetic  force.  With  strong  forces 
it  does  and  with  very  weak  forces  it  does  not  remain  magnetized  when 
the  force  ceases  to  act.  Professor  Ewing  has  imitated  all  the  minute 
details  of  these  complicated  properties  by  an  aiTangement  of  small 
isolated  compass  needles  to  represent  the  molecules.  It  may  fairly  be 
said  that  as  far  as  this  particular  set  of  phenomena  is  concerned,  a 
most  instructive  working  model  based  on  the  molecular  theory  has  not 
only  been  imagined  but  constructed. 

The  next  illusti-ation  is  no  less  striking.  We  may  liken  a.  crowd  of 
molecules  to  a  fog;  but  while  the  fog  is  admitted  by  everbody  to  be 
made  up  of  sepamte  globules  of  water,  the  critics  of  scientific  method 
are  sometimes  apt  to  regai'd  the  molecules  as  mere  fictions  of  the 
imagination.  If,  however,  we  could  throw  the  molecules  of  a  highly 
rarefied  gas  into  such  a  state  that  vapor  condensed  on  them,  so  that 
each  became  the  center  of  a  water  drop,  till  the  host  of  invisible  mole- 
cules was,  as  it  were,  magnified  by  accretion  into  a  visible  mist,  surely 
no  stronger  proof  of  their  reality  could  \te  desii-ed.  Yet  there  is 
every  reason  to  believe  that  something  very  like  this  has  been  accom- 
plished by  Mr.  C.  T.  K.  Wilson  and  Prof.  J.  J.  Thomson. 

It  is  known  that  it  is  comparatively  difiicult  to  produce  a  fog  in 
damp  air  if  the  mixture  consists  of  air  and  water  vapor  alone.  The 
presence  of  particles  of  very  tine  dust  facilitates  the  pi-ocess.  It  is 
evident  that  the  vapor  condenses  on  the  dust  particles,  and  that  a 
nucleus  of  some  kind  is  necessary  on  which  each  drop  may  form.  But 
electrified  particles  also  act  as  nuclei,  for  if  a  highly  charged  lH)dy 
from  which  electricity  is  escaping  be  placed  near  a  steam  jet,  the  steam 
condenses,  and  a  cloud  is  also  formed  in  dust-free  air  more  easily  than 
would  otherwise  be  the  case  if  electricity  is  discharged  into  it. 

Again,  according  to  accepted  theory,  when  a  current  of  electricity 
fiows  through  a  gas  some  of  the  atoms  are  divided  into  parts  which 
carry  positive  and  negative  charges  as  they  move  in  opposite  direc- 
tions, and  unless  this  breaking  up  occui's  a  gas  does  not  conduct  elec- 
tricity. Hut  a  gas  can  be  made  a  conductor  merely  by  allowing  the 
Rdntgen  raj's  or  the  radiation  given  off  by  uranium  to  fall  upon  it.  A 
tareful  study  of  the  facts  shows  that  it  is  probable  that  some  of  the 
atoms  have  been  broken  up  by  the  radiation,  and  that  their  oppositely 
electrified  parts  are  scattered  among  their  unaltered  fellows.  Such  a 
gas  is  said  to  be  ionized. 

Thus  by  these  two  distinct  lines  of  argument  we  come  to  the  conclu- 
sions: First,  that  the  presence  of  electrified  particles  promotes  the 
formation  of  mist,  and,  second,  that  in  an  ionized  gas  such  electrified 
particles  are  provided  by  the  breaking  up  of  atoms. 
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Tho  two  conclasionM  will  miitimlly  support  oach  other  if  it  eaii  be 
shown  that  a  mint  is  eiusily  foniiod  in  ionized  air.  This  was  tested 
by  Mr.  Wilson,  who  t-howwl  that  in  such  air  mist  i,s  formed  as  thoiigli 
nuclei  were  present,  and  thii«  in  the  <-lond  we  have  visible  endeni'C  of 
the  prescm'e  of  the  divided  atonic.  If,  then,  we  can  not  handle  the 
individual  molecules  we  have  at  least  some  reason  to  believe  that  a 
method  is  known  of  seizin};  individuals,  or  part-'  of  individuals,  which 
are  in  a  special  state,  and  of  wrappin^r  other  matter  round  them  till 
each  one  is  the  center  of  a  distnvte  particle  of  a  visible  fog. 

I  have  purposely  chosen  this  illustration.  I>ecause  the  explanation  is 
baMtd  on  a  theory — that  of  ionization —which  is  at  pi-esent  subjected 
to  hostile  criticism.  It  assumes  that  an  electrical  current  is  nothing 
more  than  the  movement  of  charges  of  electricity.  Itut  magnets  pla(«d 
near  to  an  electric  current  tend  to  set  themselves  at  right  angles  to  its 
direction;  a  fact  on  which  tlie  construction  of  telegmpbic  instruments 
is  l>ased.  Hence,  if  the  theory  !«  true,  a  similar  effei^t  ought  to  be 
produwd  by  a  moving  chaise  of  electricity.  This  expctrimcnt  was 
tried  many  years  ago  in  the  laboratory  of  Helmholtz  by  Kowland,  who 
caused  a  charged  disk  to  spin  rapidly  near  a  magnet.  The  result  was 
in  accoi"d  with  the  theory;  the  magnet  moved  a-s  though  acte<l  upon  by 
an  electric  cuircnt.  Of  late,  however,  M.  Crcmicu  has  investigated 
the  matter  afresh,  and  has  obtained  results  which,  according  to  his 
interpretation,  were  inconsistent  with  that  of  Kowland. 

M.  Cr^niieu's  results  are  already  the  subject  of  (xintrovei-sy."  and 
are,  I  lielieve,  likely  to  l>e  discus>ied  in  the  section  of  physics.  This  is 
not  the  o<'casion  to  enter  upon  a  critical  discussion  of  the  (]uostion  at 
issue,  ami  I  refer  to  it  only  to  point  out  that  though,  if  M.  Cremieu's 
results  were  upheld,  our  views  us  to  electricity  would  have  to  be  mod- 
ified, the  foundations  of  the  at<m)ic  theory  would  not  be  shaken. 

It  is,  however,  from  the  theory  of  ions  that  the  most  far-reaching 
speculations  of  science  lm\e  recently  received  unexi>ccted  support. 
The  di'eam  that  matter  of  all  kinds  will  some  day  Ik-  provtnl  to  be  fun- 
damentally the  same  has  survived  many  shocks.  The  opinion  is  con- 
sistent with  the  gi-eat  generalization  that  the  properties  of  elements 
are  a  i^rimlie  function  of  their  atomic  weights.  Sir  Norman  Lockyer 
has  long  iwen  a  prominent  exponent  of  the  view  that  the  sptvtfii  of 
the  stars  indicate  the  reduction  of  our  so-caIh'<l  elcTuents  to  siui[)!er 
foniis,  and  now  Pi-of.  J.  J.  Thomson  iH'lieves  that  we  can  break  off 
from  an  atom  a  iMirt,  the  mass  of  which  is  not  more  than  one-thou- 
sandth of  the  whole,  and  that  these  eorpusdi's,  as  he  has  named  them, 
are  the  carriers  of  the  negative  charge  in  an  electric  current.  If  at<mis 
arc  thus  complex,  not  only  is  the  a  prioii  probability  increased  that 
the  different  structures  which  we  cjill  elenn'nts  may  all  l>c  built  of 

■fk'c  Pliil.  Mii(t.,  Jnly,  1!»01,  p.  144;  ami  J.iIihh  HiipkijiH  Uuivoraity  Circulare,  XX, 
No.  152,  May-Juue,  lUOl,  p.  7B. 
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Hiinilur  brinks,  but  the  discovery  by  lyeniird  that  the  pjuse  with  which 
the  (•(irpu.sfles  pc-netratc  diffcM'ciit  iH^lifs  dc)>oiid:i  oidy  on  the  density 
of  the  obi^tAcles,  and  not  on  their  chcniicjil  constitution,  is  held  by 
Profpssor  Thomson  to  Iw  "a  stronfj;  (ontinimtion  of  the,  view  that  the 
atoniH  of  the  elementary  substances  are  made  up  of  simpler  parU<,  all 
of  which  are  alike.'"'  On  the  present  occasion,  however,  we  are  occu- 
pied rather  with  the  foundations  than  with  these  ultimate  ramifieations 
of  the  atomic  theory;  and  havinff  shown  how  wide  iL-s  nmgo  is,  I  must, 
to  a  certain  exttint,  retr;u-e.  my  st<»ps  and  return  to  the  main  line  of 
my  argiuiient. 

THK    I'liOl'ERTIKS   OF    ATOMS   AND   MOLEPULES. 

For  if  it  be  jrmntcd  that  the  evidence  that  matter  is  coai-sc  {jmined 
and  i.s  formed  of  separate  atoms  and  molecules  is  too  strong  to  be 
re,«isted,  it  may  still  be  contended  tliat  we  can  know  little  or  nothing 
of  the  wizes  and  properties  of  the  mole<udes. 

It  nnist  be  admitted  that  though  the  fundamental  postulates  are 
always  the  same,  different  aspects  of  the  theory,  which  have  not  in  all 
cases  l)epn  successfully  coml>ined,  have  to  1«  developed  when  it  is 
applied  to  diffenmt  ploblems;  but  in  spite  of  this  thent  is  little  doubt 
but  that  we  have  some  fairly  accui-ate  knowledge  of  molecular  motions 
and  magnitudes. 

If  a  liquid  is  stret^rhed  into  a  very  thin  Him,  such  as  a  soap  bublile, 
we  should  expect  indications  of  a  change  in  its  projierties  when  the 
thickness  of  the  him  is  not  a  very  large  nmltiple  of  the  average 
distjmcc  between  two  neighlK)ring  m»le<;ules.  In  ISl'i),  Sohneke" 
detPirted  evidence  of  such  a  change  in  Jilms  of  avei-age  thickness 
of  11)6  millionths  of  a  millimeter  {mm),  and  quite  recently  Rudolph 
Weber  found  it  in  an  oil  film  when  the  thickness  was  115  ;(^.'' 

Taking  the  mean  of  these  numliers  and  combining  the  results  of 
different  variants  of  the  theory,  we  may  conclude  that  a  film  should 
become  unstable  and  tend  to  rupture  spontaneously  somewhere  be- 
tween the  thicknessesof  110  and  55  MM,  and  Professor  Kelnold  and  I 
found  by  experiment  that  this  instability  is  actually  exhibited  between 
the  thickness  of  Hl>  and  45  MM-''  There  can  therefore  be  little  doubt 
that  the  first  approncli  to  moh-cular  magnitude  is  signaled  when  the 
thickness  of  a  film  is  somewhat  Ic^ss  than  KXt  MM,  o^'  four  millionths  of 
an  inch. 

Thirteen  years  ago  I  had  the  honor  of  laying  before  the  Chemi(;al 


'For  till!  most  recent  flL-count  of  tliitf  subject,  sv  an  article  on  "  Bodies  smaller  tlii) 
atciTiiB,"  hy  Prof.  J.  J.  Thomson,  in  the  I'opular  Science  Monthly  (TheXoienee  I'rosH; 
August,  1901.     [Rejirinteii  in  the  present  Smithsonian  Report.] 

••Wml.  Ann.,  1890,  XL,  pji.  345-3.55. 

'Annalen  iler  Pliysik,  IfiOl,  IV,  |i)>.  7nfr-72I. 

■Thil.  Trans.,  1893,  184,  pp.  505-52!!. 
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Soci<'ty  a  rosiim<^  of  what  was  then  known  on  those  Mubjects."  aiid  I 
mu»t  refer  to  that  lecture  or  t«  tht;  most  recent  tnlition  of  O.  E. 
Meyer's  work  on  the  kinetic  theory  of  gaises "  for  the  evidence  that 
various  independent  tines  of  argument  enBltlc  un  to  estimate  quantities 
very  much  less  than  four  millionth^  of  an  inch,  which  is  perhaps  from 
fiOO  to  1,000  times  greater  than  the  magnitude  which,  in  the  present 
state  of  our  knowledge,  we  can  best  describe  as  the  diameter  of  a 
molecrule. 

Confiniag  our  attention,  however,  to  the  larger  quantities,  I  will 
give  one  example  to  show  how  wtrong  is  the  cumulative  force  of 
the  evidence  us  to  our  knowledge  of  the  magnitudes  of  molecular 
quantities. 

We  have  every  reason  to  believe  that  though  the.  molecules  in  a  gas 
frequently  collide  with  each  other,  yot  in  the  case  of  the  moi-e  perfect 
gases  the  time  ot;rupied  in  collisions  is  small  compared  with  that  in 
which  each  molecule  tmvels  undisturbed  by  its  fellows.  The  average 
distance  traveled  between  two  successive  encounters  is  cjilled  the  mean 
free  path,  and,  for  the  reason  just  given,  the  question  of  the  magni- 
tude of  this  distance  can  be  attacked  without  any  pi-cclse  knowledge  of 
what  a  molecule  is,  or  of  what  hap|)ens  during  an  encounter. 

Thus  the  mean  free  path  can  lie  determined,  by  the  aid  of  the  theory, 
either  from  the  viscosity  of  the  gas  or  from  the  thermal  conductivity. 
Using  figures  given  in  the  latest  work  on  the  subject,"  and  dealing 
with  one  gas  only,  as  a  fair  sample  of  the  rest,  the  lengths  of  the  mean 
fi-ee  path  of  hydrogen,  as  detcniiined  by  these  two  independent 
methods,  differ  only  by  about  3  per  cent.  Further,  the  mean  of  the 
values  which  I  gave  in  the  lecture  already  referred  to  differed  only  by 
about  6  per  cent  from  the  best  modern  result,  so  that  no  great  change 
has  been  introduced  during  the  Inst  thirteen  years. 

It  may,  however,  be  argued  that  these  concordant  values  are  all 
obtained  by  means  of  the  same  theory,  and  that  a  common  error  may 
affect  them  all.  In  particular,  some  critics  have  of  late  been  inclined 
to  discredit  the  atomic  theory  by  pointing  out  that  the  strong  state- 
ments which  have  sometimes  been  made  as  to  the  equality,  among 
themselves,  of  atoms  or  molecules  of  the  same  kind  may  not  be  justi- 
fied, as  the  equality  may  be  that  of  averages  only,  and  be  consistent 
with  a  considerable  variation  in  the  slices  of  individuals. 

Allowing  this  argument  more  weight  than  it  perhaps  deserves,  it  is 
easy  to  show  that  it  can  not  affect  seriously  our  knowledge  of  the 
length  of  the  mean  free  path. 

Prof.  George  Darwin "  has  handled  the  problem  of  a  mixture  of 

•Chem.  Soc.  Trans.,  LIII,  March,  1R88,  pp.  222-262. 

"Kinetiu  Theory  ot  Gases,  0.  K,  Meyer,  1899;  translated  by  H.  E,  Baynes. 

°  Meyer's  Kinetic  Theory  of  Gases  (see  above). 

'Phil.  Trans.,  180. 
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unequal  spht'ricul  Iwdii's  in  the  pnrtioiilar  oasp  in  which  the  size«  are 
distributed  accoi-ding  t<i  the  law  of  erroi-s,  which  would  involve  far 
greater  inequalities  than  can  occur  am ou^r  atoms.  Without  discussing 
the  precise  details  of  hiw  problem,  it  is  siitHcient  to  say  that  in  the  cade 
considered  by  him  the  length  of  the  main  free  path  is  seven-elevenths 
of  what  it  would  be  if  the  particles  were  equal.  Hence,  were  the  ine- 
qualities of  atoms  as  great  as  in  this  extreme  cnse,  the  reduction  of 
the  mean  free  path  in  hydi-ogeri  could  only  be  from  185  to  119  i^ii; 
but  they  must  be  far  less,  and  tlierefore  the  eri-or,  if  any,  due  to  this 
cause  could  not  appruat^h  this  ansount.     Jt  is  proluibly  inappreciable. 

Such  examples  might  be  nmltiplied,  but  the  one  I  have  selected  is 
perhaps  sufficient  to  iihisti'ute  my  point,  viz,  that  considerable  and 
fairly  accurate  knowledge  can  he  obtained  as  to  molecular  quantities 
by  the  aid  of  theories,  the  details  of  which  are  provisional  and  are 
admittedly  capable  of  impi-ovement. 

is  THK    MODKI.    UNIQUK? 

But  the  argument  that  a  correct  result  may  sometimes  be  obtained 
by  reasoning  on  imperfect  hypotheses  raises  the  question  as  to  whether 
another  danger  may  not  be  imminent.  To  be  satisfactory  our  model 
of  nature  must  be  unique,  and  it  must  be  impossible  to  imagine  any 
other  which  agrees  equally  well  with  the  facta  of  experiment.  If 
a  lai^e  number  of  hypotheses  could  be  framed  with  equal  claims  to 
validity,  that  fact  would  alone  mise  grave  doubts  as  to  whether  it  were 
possible  to  distinguish  lietween  the  true  and  the  false.  Thus,  Profcs.sor 
Foincar^  bus  shown  that  un  intinite  num))er  of  dynamical  explanations 
can  be  found  for  any  phenomenon  which  satisfies  certain  conditions. 
But  tliougb  this  consideration  wai'ns  us  against  the  too  ready  acc«pt- 
ance  of  explanations  of  isolated  phenomena,  it  has  no  weight  against 
a  theory  which  embraces  so  vast  a  numt>cr  of  facts  as  those  included 
by  the  atomic  theory.  It  dt>es  not  follow  that  because  a  number  of 
solutions  are  all  funually  dynamical  they  are  therefore  all  equally 
admissible.  The  pressure  of  a  gas  may  be  explained  as  the  result  of 
a  shower  of  blows  delivered  by  moh-cules,  or  by  a  repulsion  between 
the  various  partis  of  a  continuous  medium.  Both  solutions  are  expressed 
in  dynamical  language,  but  one  is  and  the  other  is  not  compatible  with 
the  observed  phenomena  of  exjmnsion.  The  atomic  theory  nm.st  bold 
the  field  until  another  can  be  found  which  is  not  inferior  as  an  expla- 
nation of  the  fundamental  difficuiti<^s  as  to  the  constitution  of  matter 
and  is,  at  the  same  time,  not  less  comprehensive. 

On  the  whole,  then,  the  question  as  to  whether  we  are  attempting 
to  solve  a  problem  which  has  an  infinite  nunil>er  of  solutions  may  1)6 
put  aside  until  one  solution  has  been  found  which  Is  satisfactory  in  all 
its  details.  We  ai'e  in  a  sufBcicnt  difficulty  about  that  to  make  the 
rivalry  of  a  second  of  the  same  type  very  improbable. 
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But  it  maj-  be  a-sked — nay,  it  has  ))oen  askftd  -may  not  the  type  of 
our  theories  l)e  radically  changed?  If  this  «|iit'stion  does  not  mei-ely 
imply  a  certain  distrust  in  our  own  powers  of  reat^oning,  it  iihoutd  in' 
supported  by  some  indication  of  the  kind  of  change  which  is  coiicrivable. 

Perhaps  the  chief  objection  which  can  be  brought  against  physical 
theories  is  that  they  deal  only  with  the  inanimate  side  of  nature,  and 
largely  ignore  the  phenomena  of  life.  It  is  therefore  in  this  direction, 
if  ill  any,  that  a  change  of  ty{>e  may  be  ex[>ected.  1  do  not  propose  to 
enter  at  length  upon  so  difficult  a  question,  hut,  howev<!r  we  may 
explain  or  explain  away  the  cliaracteristics  of  life,  the  argument  for 
the  truth  of  the  atomic  theory  would  only  l>e  affected  if  it  could  be 
shown  that  living  matter  does  not  possess  the  thermal  and  mcehanical 
prop»M-ties,  to  explain  which  the  atomic  thi>ory  hiis  been  framed.  This 
is  so  notoriously  not  the  case  that  there  is  the  gravest  douht  whether 
life  cftii  in  any  way  interfere  with  the  action  within  the  organism 
of  the  laws  of  matter  in  bulk  Itelonging  to  the  domain  of  meohanics, 
physics,  and  chemistry. 

Probubty  the  most  cautious  opinion  that  could  now  he  expressed  on 
tbis(|Uestioii  is  that,  in  spite  of  some  outstanding  difficulties  which  have 
recently  given  rise  to  what  is  called  Neovitalisui,  there  is  no  conclusive 
evidence  that  living  matter  <-an  suspend  or  miKtify  any  of  tlie  natural 
laws  which  would  affect  it  if  it  were  to  ceAse  to  live.  It  is  possible 
that  though  subject  to  these  laws  the  organism  while  living  may  l)o  able 
to  employ,  or  even  to  direct,  their  lu-tion  within  itself  for  iti  own 
benefit,  ju.st  as  it  umiupstiouably  does  make  use  of  the  proccises  of 
external  nature  for  its  own  purposes.  But  if  this  Ite  so.  the  seat  of 
the  controlling  influence  is  so  withdmwn  fi"oin  view  that  on  the  one 
hand  its  very  existence  may  W  denied,  while  on  the  other  hand.  Pro- 
fessor Haeckel,  following  Vogt,  has  ro<'ently  assei-ted  that  "Matter 
and  ether  are  not  dead,  and  only  moved  by  extrinsic  foive;  but  they 
are  endowed  with  sensation  and  will;  they  experience  an  inclination 
for  condensation,  a  dislike  for  strain;  they  strive  after  the  one  and 
struggle  against  the  other."' 

But  neither  unproved  assertions  of  this  kind  nor  the  more  refined 
attempts  that  have  l>een  made  by  others  to  bring  the  phenomena  of 
life  and  of  dead  matt<n-  under  a  common  formula  tou<-h  the  evidence 
for  the  atomic  theory.  The  <iucsti<m  as  to  whether  matter  consists  of 
elements  capable  of  independent  motion  is  prior  to  and  inde|)endent  of 
the  further  questions  as  to  what  these  elements  are  and  whether  they 
are  alive  or  dead. 

The  physicist,  if  he  keeps  to  his  busines.s,  assei-ts,  as  the  bases  of 
the  atomic  theory,  nothing  more  than  that  he  who  declines  to  admit 
that  matter  consists  of  sepamte  moving  part**  must  regard  many  of 

•Kiddleot  tbe  Universe  (EDglisli  translation),  1900,  p.  380. 
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the  simpU'st  plienomena  as  in'econcilahle  and  unintelligible,  in  spite 
of  the  fact  that  means  of  reconciling  them  are  known  to  everybody, 
in  spite  of  the  fact  that  the  rei-onciling  theory  gives  a  general  correla- 
tion of  an  enormous  number  of  phenomena  in  every  branch  of  science, 
and  that  the  outstanding  difficulties  arc  connected  not  so  much  with 
the  fundamental  hypotheses  that  matter  is  composed  of  distinguishable 
entities  which  are  capable  of  separate  motions  as  with  the  nmch  more 
difficult  problem  of  what  these  entities  are. 

On  these  grounds  the  physicist  may  believe  that,  though  he  can  not 
handle  or  see  them,  the  atoms  and  molecules  arc  as  real  as  the  ice 
crystals  in  a  cirrus  cloud  which  he  can  not  leach;  as  real  as  the  unseen 
members  of  a  meteoric  swarm  whose  death  glow  is  lost  in  the  sunshine, 
or  which  sweep  past  us,  unentangled,  in  the  night. 

If  the  confidence  that  his  methods  are  weapons  with  which  he  can 
fight  his  way  to  the  truth  were  taken  fi-om  the  scientific  explorer,  the 
paralysis  which  overcomes  those  who  believe  that  they  are  engaged  in 
a  hopeless  task  would  fall  upon  him. 

Physiology  has  specially  flourished  since  physiologists  have  believed 
that  it  is  possible  to  master  the  physics  and  t^hemistry  of  the  framework 
of  living  things,  and  since  they  have  abandoned  the  attitude  of  those 
who  placed  in  the  foreground  the  doctrine  of  the  vital  force.  To  sup- 
porters of  that  doctrine  the  principle  of  life  was  not  a  hidden  directing 
power  which  could  perhaps  whisper  an  order  that  the  flood  gate-s  of 
reservoirs  of  energy  should  now  Iw  opened  and  now  closed,  and  could, 
at  the  most,  work  only  under  immutable  conditions  to  which  the  living 
and  the  dead  must  alike  submit.  On  the  contrary,  their  vital  foree 
pervaded  the  organism  in  all  its  partji.  It  was  an  active  and  energetic 
opponent  of  the  laws  of  physics  and  chemistry.  It  maintained  its  own 
existence  not  by  ot)eying  but  hy  defying  them;  and  though  destined 
to  be  finally  overcome  in  the  separate  campaigns  of  which  each  indi- 
vidual living  creature  is  the  scene,  yet,  like  some  guerrilla  chieftain,  it 
was  defeated  here  only  to  reappear  there  with  unabat^sd  confidence 
and  apparently  undiminished  force. 

This  attitude  of  mind  checked  the  advance  of  knowledge.  Difficulty 
could  l>e  evaded  Ijy  a  verbal  fornmla  of  explanation  which  in  fact 
explained  nothing.  If  the  mechanical,  or  physical,  or  chemical  causes 
of  a  phenomenon  did  not  lie  obviously  upon  the  surfac'e,  the  investi- 
gator was  tempted  to  forego  the  toil  of  searching  for  them  below;  it 
was  easier  to  say  that  the  vital  foi-ce  was  the  cause  of  the  discrepancy, 
and  that  it  was  hopeless  to  attempt  to  account  for  the  action  of  a 
principle  which  was  incomprehensible  in  its  nature. 

For  the  physicist  the  danger  is  no  less  serious,  though  it  lies  in  a 
somewhat  different  direction.  At  present  he  is  checked  in  his  theories 
by  the  necessity  of  making  them  agree  with  a  comparatively  small 
number  of  fundamental  hypotheses.  If  this  check  were  removed  his 
fancy  might  run  riot  in  the  wildest  speculations,  which  would  be  held 
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to  lie  legitimate  if  only  they  led  to  fornmlie  in  baniiony  with  facts. 
But  the  very  habit  of  i-egardinp  the  end  as  everything,  and  the  means 
by  which  it  was  attained  as  unimportant,  would  prevent  the  discovery 
of  those  fi"agments  of  truth  which  can  only  lie  uncovered  by  the  pain- 
ful proces,s  of  trying  t*>  make  inconsistent  theories  agree,  and  using 
all  facts,  however  remote,  as  the  tests  of  our  central  generalization. 

"Science,"  said  Hehiiholtz,  "Science,  whose  very  object  it  is  to 
comprehend  Nature,  must  stait  with  the  aissuiiiption  that  Nature  is 
comprehensible"  And  again,  "The  tii-st  principleof  the  investigator 
of  Nature  h  to  assume  that  Nature  is  intelligible  to  us,  since  otherwise 
it  would  be  foolish  to  attempt  the  investigation  at  all."  These  axioms 
do  not  assume  that  all  the  secrets  of  the  universe  will  ultimately  be 
laid  hare,  but  that  a  search  for  them  is  hopeless  if  we  undertake  the 
quest  with  the  conviction  that  it  will  be  in  vain.  As  applied  to  life 
they  do  not  deny  that  in  living  matter  something  may  be  hidden  which 
neither  phy 8 ies  nor  chemistry  can  explain;  but  they  asseit  that  the 
action  of  physical  and  chemical  forces  in  living  bodies  can  never  be 
understood  if  at  every  difficulty  and  at  every  check  in  our  investiga- 
tions we  desist  from  further  attempts  in  the  belief  that  the  laws  of 
physics  and  chemistry  have  lieen  interfered  with  by  au  incomprehen- 
sible vital  force.  As  applied  to  physics  and  chemistry  they  do  not 
mean  that  all  the  phenomena  of  life  and  death  will  ultimately  be 
included  in  some  simple  and  -self-sufficing  mechanical  theory;  they  do 
mean  that  we  are  not  to  sit  down  contented  with  paradoxes  such  as 
that  the  sanic  thing  can  Jill  both  a  large  space  and  a  little  one;  that 
matter  can  act  where  it  is  not,  and  the  like,  if  by  some  reasonable 
hypothesis,  capable  of  being  tested  by  experiment,  we  can  avoid  the 
acceptance  of  these  ab.surdities.  Something  will  have  been  gained  if 
the  more  obvious  difficulties  are  removed,  even  if  we  have  to  admit 
that  in  the  background  there  is  much  that  we  can  not  grasp. 

TMB  LIMITS  OF  PHYSICAL  THEORIES. 

And  this  brings  me  to  my  last  point.  It  is  a  mistake  to  treat  phys- 
ical theories  in  genenil,  and  the  atomic  theory  in  particular,  as  though 
they  were  jmrts  of  a  scheme  which  has  failed  if  it  leaves  anything 
unexplained,  which  must  be  carried  on  indefinitely  on  exactly  the  same 
principles,  whether  the  ultimate  results  are  or  are  not  repugnant  to 
common  sense. 

Physical  theories  begin  at  the  surface  with  phenomena  which  directlj' 
affect  our  senses.  When  they  are  used  in  the  attempt  to  penetrate 
deeper  into  the  secrets  of  nature,  it  is  more  than  probable  that  they 
will  meet  with  insuperable  harriers;  but  this  fact  does  not  demonstrate 
that  the  funtlamental  assumptions  are'  false,  and  tin;  question  iia  to 
whether  any  particular  obstacle  will  bo  forever  insuperable  <»n  rarely 
be  answered  with  certainty. 

Those  who  Ixtlittlc  the  ideas  wliicli  have  of  late  iroverned  the  advance 
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of  scientific  theory  too  often  at^sunie  that  there  \h  no  alternative 
between  the  opposing  asscrtiont^  that  atoms  and  the  ether  are  mere 
figments  of  the  scientific  imagination,  or  that,  on  the  other  hand,  a 
mechanical  theory  of  the  atoms  and  of  the  ether,  which  is  now  con- 
fesiiedly  imperfect,  would,  if  it  could  be  perfected,  give  us  a  full  and 
ado(|uate  representation  of  the  underlying  realities. 

For  my  own  part  I  believe  that  there  is  a  via  media. 

A  man  peering  into  a  darkened  i-oom,  and  describing  what  he  thinks 
he  seeH,  may  be  right  as  to  the  general  outline  of  the  objects  he  dis- 
cerns, wrong  as  to  their  nature  and  their  precise  fonns.  In  his  descrip- 
tion fact  and  fancy  may  bo  blended,  and  it  may  be  difiGcult  to  say 
where  the  one  ends  and  the  otiier  begins;  but  even  the  fancies  will  not 
be  worthless  if  they  are  l>ased  on  a  fragment  of  truth,  which  will  pre- 
vent the  explorer  from  walking  into  a  looking-glass  or  stumbling  over 
the  furniture.  He  who  saw  "men  aa  trees  walking"  had  at  least  a  per- 
ception of  the  fundamental  fact  that  something  was  in  motion  around 
bim. 

And  so,  at  the  beginning  of  the  twentieth  century,  we  are  neither 
forced  to  atmndon  the  claim  to  have  penetrated  below  the  surface  of 
nature,  nor  have  we,  with  all  our  searching,  torn  the  veil  of  mystery 
from  the  world  around  us. 

The  i-ange  of  our  speculations  is  limited  both  in  space  and  time;  in 
space,  for  we  have  no  right  to  claim,  as  in  sometimes  done,  a  knowl- 
edge of  the  "infinite  universe;"  in  time,  for  the  cumulative  effects  of 
actions  which  might  pass  undetected  in  the  short  span  of  years  of 
which  we  have  knowledge,  may,  if  continued  long  enough,  modify  our 
most  pixifound  generalizations.  If  some  such  theory  as  the  vortex- 
atom  theory  were  true,  the  faintest  trace  of  viscosity  in  the  primordial 
medium  would  ultimately  destroy  matter  of  every  kind.  It  is  thus  a 
duty  to  state  what  we  Itelieve  we  know  in  the  roost  cautious  terms,  but 
it  is  equally  a  duty  not  to  yield  to  mere  vague  doubts  as  to  whether 
we  can  know  anything. 

If  no  other  conception  of  matter  is  possible  than  that  it  consists  of 
distinct  physical  unita^and  no  other  conception  has  been  formulated 
which  does  not  blur  what  are  otherwise  clear  and  definite  outlines — if 
it  is  certain,  as  it  is.  that  vibrations  travel  through  space  which  can 
not  be  propagated  by  matter,  the  two  foundations  of  physical  theory 
are  well  and  truly  laid.  It  may  be  granted  that  we  have  not  yet 
framed  a  consistent  image  either  of  the  nature  of  the  atoms  or  of  the 
ether  in  which  they  exist;  but  I  have  tried  to  show  that  in  spite  of  the 
tentative  nature  of  some  of  oiir  theories,  in  spite  of  many  outstanding 
difficulties,  the  atomic  theory  unifies  so  many  facts,  simplifies  so  much 
that  is  complicated,  that  we  have  a  right  to  insist — at  all  events  till  an 
equally  intelligible  rival  hypothesis  is  pix>duccd — that  the  main  struc- 
ture of  our  theory  is  true;  that  atoms  are  not  merely  helps  to  puzzled 
mathematicians,  ))ut  physical  realities. 
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The  close  of  the  nineteenth  century  will  mark  the  end  of  the  first 
century  of  the  .study  of  nieteoritew.  Up  to  the  Iwginning  of  this 
century  the  attitude  of  scientific  men  toward  the  accounts  of  stones 
reported  to  have  fallen  from  the  sky  was  in  general  one  of  scorn  and 
incredulity.  Thu:i  an  account  prepared  with  great  care  by  the  munici- 
pality of  .Tuillac,  Fmnce,  telling  of  a  stone  shower  which  occurred 
there  in  July,  1790,  was  characterized  by  Berthelon  at  the  time  a.s  "a 
recital,  evidentlj'  false,  of  a  phenomenon  physically  impossible"  and 
"calculated  to  excite  the  pity  not  onlj'  of  phyaicista  hut  of  all  reajson- 
able  people."  Bonn,  in  his  Lithophylacium  Bonntanum,  refers  to  the 
Tahor,  Bohemia,  meteorite  which  fell  in  1753,  as  "e  eoelo  phivisse 
creduliores  quidani  assevenint."  Chladni,  writing  in  the  early  part  of 
the  century,  speaks  of  many  meteorites  which  were  thrown  away  in  his 
day  because  the  directors  of  museums  were  ashamed  to  exhibit  stones 
reported  to  have  fallen  fi-oiu  the  sky.  President  tlefferson  when  told 
that  Professors  Sillininn  and  Kingsley  Iiad  described  a  shower  of  stones 
as  having  taken  place  at  Weston,  Connecticut,  in  1807,  said:  "  It  is 
easier  to  believe  that  two  Yankee  pi-ofossors  will  lie  than  to  believe 
that  stones  will  fall  from  heaven."' 

The  change  of  opinion  on  the  part  of  intelligent  and  especially  sci- 
entific men,  which  took  place  at  the  lieginning  of  this  century,  was  due 
largely  to  the  investigation  by  the  French  Academy  of  the  .shower  of 
stones  which  fell  at  L'Aiglo  in  1S03.  This  investigation  established 
so  absolutely  the  fact  of  the  fall  to  the  earth  at  L'Aigle  of  stones  from 
outer  space  that  scientific  men  were  logically  compelled  to  give  ci'edence 
to  the  reports  of  similar  occurrences  elsewhere.  Further,  the  papers 
of  Chladni  and  Howard  published  about  the  same  time,  strenuously 
urging  that  other  masses  reported  to  have  fallen  upon  the  earth  could 
not,  IjeraiLse  of  their  structure  and  composition,  be  of  teri-estrial  ori- 
gin, bad  much  to  do  with  fixing  the  growing  faith  that  solid  cosmic 
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niatternotoftenvstiiaioripin  do<.>  at  intervals  .-ome  to   the   e^ 
ince  this  beginning  the  >t»dv  of  niett-oritps  has  Uvn  one  of  constii 
wiOening  interest  and  purport. 

Ihe  essentially  distinguishing  features  of  meteorites  were  o 
nwde  out  Howard  in  1SI)l>.  from  a  ehemieal  investigation  of  v.ir 
"stony  and  metallie  sul>«tances  which  at  different  times  are  said  t<.  I 
fallen  on  the  earth,  also  of  various  kinds  of  native  iron,"  drew  tht'  < 
cludon  that  a  content  of  nickel  chameterized  most  such  Inxlit's, 
also  found  that  the  meteoric  stones  were  made  up  chieflv  of  silioi 
magnesia  and  that  the  iron  sulphide  of  meteorite>  was  distinct  fi 
the  terrestrial  mineral  pyrite.  He  further  noted  thechondritic  sti 
ture  aa  characteristic  of  many  of  the  meteoric  stones.  The  cori-eclr 
of  his  observations  was  >ooii  confirmed  by  anat\s<'s  made  I»y  Fourci- 
.Tohn,  Klaproth,  and  others.  In  I811S  Alois  von  Widmanstatten. 
heating  a  section  of  the  Agi'am  iron,  brought  out  the  tigiii-es  wh 
have  since  proved  ^o  characteristic  of  meteoric  irons  in  general  a 
which  are  now  known  Uy  bis  name.  Thus  tlie  data  were  early  at  hu 
for  distinguishing  meteorites  from  terrestrial  l>odie>.  and  it  so 
became  possible  to  collect  the  "'sky  stones"  even  when  they  had  1 
been  seen  to  fall.  Systematic  efforts  for  theci>llection  of  these  IhhI 
were  not  put  forth,  however,  for  many  year>.  I'p  to  1S35  there  we 
only  56  different  meteorite  falls  represented  in  the  Vienna  colleetio 
and  in  lsr,(i  only  ISt).  I'p  to  Ititii'  those  of  the  British  >lu>euiu  c( 
lection  nuratwred  only  (SS  and  tho*e  of  the  Paris  collection  oidy  ti 
The  studies  of  thest'  bodies  during  the  tii-st  half  of  the  century  we 
made,  therefore,  upon  a  relatively  limited  numl>er.  The  earlier  inve 
ligations  were  chieHy  chemical  in  ehamcter,  various  elements  l>eiti 
discovered  in  succession.  Mangimese  was  discovered  in  the  stone  < 
Siena  by  Klaproth  in  isos.  chromimu  in  the  stone  of  Vagolty  I^iuffit 
in  llSi)6,  carbon  in  that  of  Alais  by  Thenard  in  lf!ii'>>.  chlorine  in  thi 
of  Stannern  by  Schei-rer  in  the  sime  year,  and  col>alt  by  John  in  th 
Pallas  ii-on  in  1S17.  The  number  of  elements  discoveiixi  since  ha 
brought  the  total  up  to  '2:K  none  being  found,  however,  which  are  no 
Bli"oady  known  upon  the  earth.  Many  <if  the  cliemiciil  couipuunds  o 
uieteorites  were  early  isolated  and  their  identity  with  Icnestria 
minerals  established.  Count  liournon  showed  in  isnii  that  the  inuis 
parent  green  mineral  acconii>anying  the  in)n  of  Kiu-nojui-k  w;i 
olivine.  The  same  mineral  was  found  in  other  meteorites  by  jatii 
observers,  and  Kose  was  able  in  Isii.')  to  make  iiiiguliir  me;i-tii'eiii<'i)t.- 
of  the  crysbils  which  showed  them  to  be  identical  with  iho-r  of  ter- 
restrial olivine.  Liiugier  separated  chromite  from  the  stone-  of 
Ensisheini  and  L'Aigle  in  ISiul,  Augite  was  recognized  by  MoIk  in 
the  atone  of  Stannern  in  l'<-2i  and  l>y  Uose  in  that  of  .luviiui-  in  l--:;;;. 
Ilauy  recognized  a  feldspar  which  he  thought  to  bo  ortlmelii-e  iii  the 
stone  of  .luvinas  in  l^-2-2.  but  three  years  later  Ko>e  showed  it  lo 
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be  plagioclasc:  and  the  existence  of  orthoclase  in  meteorites  has  yet 
to  he  proved.  Continued  investigation:^  of  the  compounds  found 
in  meteorites  up  to  the  present  time  have  result«d  in  the  detection 
of  at  least  21  whose  composition  is  certain,  besides  several  of  a 
somewhat  problematic  nature.  Of  these  compounds  seven  have  been 
found  to  differ  in  composition  from  any  known  terrestrial  substances. 
The  chai-actcr  of  these  indicates  the  complete  absence  of  water  and  of 
oxygen  in  any  large  amount  from  that  portion  of  nature's  laboratory 
where  meteorites  arc  formed.  IraportAnt  investigations  as  to  the  gases 
occluded  by  meteorites  were  begun  by  Boussinguult  in  1861  and  have 
been  continued  by  Wright,  Ansdell,  Dewar,  and  others.  It  has  been 
proved  that  large  quantities  of  hydrogen,  as  well  as  carbonic  acid  gas, 
are  contained  in  therie  bodies,  under  pressure  greater  than  that  of 
the  earth's  atmosphere.  These  investigations  led  further  to  the  spec- 
troscopic study  of  meteorites  bj'  Vogel,  Wright,  and  Lockyer.  The 
spectra  thus  obtained,  when  compared  with  those  exhibited  by  comets, 
showed  striking  resemblances,  which  have  led  to  a  growing  belief 
among  scientific  men  in  the  identity  of  origin  of  comets  and  meteorites. 
Lockyer  has  indeed  pushed  this  conclusion  to  the  point  of  l>elieving 
that  ''all  self-luminous  bodies  in  the  celestial  spaces  are  composed  either 
of  swanits  of  meteorites  or  of  masses  of  meteoric  vapor  produced  by 
heat,"  and  be  draws  from  this  many  important  deductions  relating  to 
the  origin  of  the  stars,  comets  and  nebulte,  and  the  physical  condi- 
tions prevailing  in  them.  It  will  remain  for  the  twentieth  century  to 
test  the  correctness  of  such  conclusions,  but  the'  facta  already  brought 
out  have  considerably  shaken  the  confidence  hitherto  placed  in  the 
nebular  hypothesis.  Another  interesting  result  of  the  century  has 
been  the  establishment  of  a  general  similarity  between  .shooting  stars 
and  meteorite.'^.  This  idea  was  first  suggested  by  Chladni  in  1798, 
but  it  has  i-emained  for  Newton,  Adams,  and  Schiaparelli  to  give  it 
shape  and  proof.  The  general  verdict  of  science  is  now  in  accord 
with  the  belief  of  Newton,  ■'  that  from  the  faintest  shooting  star  to  the 
largest  stone  meteor  we  pass  by  such  small  gradations  that  no  clear 
dividing  lines  can  seijaratc  them  into  classes."  Moreover,  the  long- 
existing  belief  in  le  vide  plan^taire,  space  filled  only  with  a  mysterious 
fluid  called  ether,  has  lieen  shown  to  l>e  untenable.  Careful  records  and 
estimates  have  shown  that  20,00(',(KKf  cosmic  l>odics  large  enough  to 
pi-oduce  the  phenomena  of  shooting  stars  are  encountered  by  the  earth 
daily.  The  number  of  these  bodies  existing  in  space  must  be,  therefore, 
beyond  all  calculation,  and  their  existence  implies  that  of  smaller  par- 
ticles in  sufficient  number  to  form  a  widely  pervasive  cosmic  dust. 
Many  remarkable  meteorite  falls  have  occurred  during  the  century. 
Beginning  with  the  stone  shower  of  L'Aigle  in  1803,  when  2,000  to 
3,000  stones  fell,  no  less  than  eleven  such  showers  have  been  recorded. 
In  the  shower  of  Pultusk,  Poland,  which  occurred  in  1868,  100,000 
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stones  are  estimated  to  hove  fallen,  their  total  weight  reaching  over 
400  pounds.  In  the  shower  at  Mocs,  (Jermany,  in  1SS2,  more  than 
3,000  stones  fell.  In  our  own  country  about  750  pounds  of  meteoric 
matter  fell  at  Estherville.  Iowa,  in  lfST9,  and  several  thousand  stonea 
fell  over  an  area  9  miles  in  length  and  1  mile  wide  near  Forest  City, 
Iowa,  in  1890.  Many  of  these  falls  have  been  marked  hy  extraordi- 
nary phenomena  of  light  and  sound,  making  them  events  never  to  be 
forgotten  by  those  who  witnessed  them  and  worthy  to  be  reckoned 
among  the  most  remarkable  natural  occurrences  of  the  century. 
About  285  actually  observed  meteoric  falls  is  the  total  recorded 
during  the  century.  It  is  a  remarkable  fact  regai-ding  the  nature  of 
the  material  fallen  that  only  5  of  these  have  l)een  of  meteoric  irons. 
One  of  these  irons  fell  at  Mazapil,  Mexico,  during  the  star  shower  of 
November,  18S5,  at  the  time  when  the  return  of  Biela's  comet  was 
looked  for,  and  was  thus  considered  an  occurrence  corroborative  of 
the  already  suspected  relationship  among  comets,  shooting  stars,  and 
meteorites. 

The  indifference  to  the  collecting  of  meteorites  which  characterized 
the  early  part  of  the  century  has  given  place  in  its  latter  days  to  an 
extraordinary  diligence  in  the  search  for  these  Iwdies.  One  meteorite 
has  of  late  acquired  a  value  equal  to  four  times  its  weight  in  gold,  and 
several  can  be  sold  for  two  and  three  times  their  weight  by  the  gold 
standard.  The  nicteorite  collection  of  the  XatumI  History  Museum  in 
Vienna  has  for  many  yeurs  been  the  leading  one.  What  it  has  cost  to 
build  it  up  may  be  known  from  the  fa<;t  that  it  is  considered  the  most 
valuable  of  any  single  collection  in  that  great  treasure  house.  Repre- 
sentatives of  over  5011  meteoric  falls  are  exhibited  in  this  collection, 
and  the  meteoric  matter  has  a  total  weight  of  7  tons.  The  collection 
of  the  British  Museum  of  Natural  History  is  nearly  as  large,  while  at 
Paris,  Berlin,  St.  Petersburg,  and  CaU-utta.  together  with  Washington, 
Chicago,  Cambridge.  an<i  New  Haven,  in  oui"  own  country,  arc  gathei-ed 
extensive  and  im|>ortant  collections.  The  establishment  of  such  large 
collections  bus  for  the  fii-st  time  put  the  study  of  meteorites  on  a  sat- 
isfmrtory  Imsis  and  given  lively  hope  that  iniiwrtant  truths  will  Iks 
discovered  by  researches  thus  made  possible.  The  general  similarity 
of  the  stony  meteorites  to  the  basic  volcanic  rocks  of  the  earth  has 
been  established,  and  similarity  of  nmny  physical  structures  such  as 
breccia t ion,  sliekcn-sided  surfaces,  and  veins  has  Ix'cn  pn)ved.  The 
chondritic  structure  and  the  crystalline  structui-e  represented  by  the 
Widmanstfitten  figures  are,  however,  so  far  as  is  yet  known,  peculiar 
to  meteorites,  and  it  will  remain  for  the  twentieth  century  to  discover 
what  these  structures  mean.  Classiti cations  of .  meteorites  based  on 
their  mineralogical  and  structural  characters  have  Iw-en  estalilished, 
and  imixirtaut  differences  among  meteorites  shown,  in  spite  of  their 
family  resemblances.     It  would  be  idle  perhaps  to  recount,  as  might 


CENTURY   OF   STUDY    OF   METEORITES.  197 

be  done,  many  theories  regarding  the  nature  and  origin  of  meteoritca 
which  have  heen  found  untenable  as  a  result  of  the  century's  study. 
The  theory  of  the  lunar  origin  of  meteorites  had  at  times  such  able 
supporters  as  Laplace  and  J.  Lawrence  Smith.  Other  al)le  obyerrera 
have  believed  meteorites  to  be  material  ejected  at  some  pa.st  period 
from  the  earth's  volcanoes,  some  have  regaixled  them  of  solar  origin, 
and  still  others  as  fragments  of  a  shattered  planet.  All  of  these 
theories  may  be  said  to  have  been  proved  fallacious.  The  discovery 
reported  by  Hahn  in  ltS80  of  remains  of  sponges,  corals,  and  plants  in 
meteorites  excited  for  a  time  eager  inquiries  into  the  possibilities  of 
proving  by  the  study  of  meteorites  the  existence  of  life  outside  our 
own  globe.  Is'o  satisfactory  evidence  of  the  existence  of  extraterres- 
trial life  has,  however,  as  yet  been  obtained  from  meteorites.  The 
most  positive  and  enduring  resulted  of  the  century's  study  may,  there- 
fore, perhaps  be  summed  up  as  the  establishment  of  the  fact  of  the 
fall  of  solid  cosmic  matter  to  the  earth  and  a  sufficient  knowledge  of 
it«  nature  to  di.stinguLsh  it  from  matter  of  terrestrial  origin.  Satis- 
factory conclusions  as  to  the  origin  of  this  matter  and  its  relations  to 
the  visible  bodies  of  the  great  outlying  universe  remain  yet  to  be 
drawn. 
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RECENT  STUDIES  IN  GRAVITATION.' 


By  Prof.  John  H.  Poyntinu.  W  Sc,  F.  tt.  S. 


The  studios  in  gravitation  which  I  am  to  desenlw  to  you  this  evening 
will  perhaps  fall  into  better  order  if  I  rapidly  run  over  the  well-beaten 
track  which  leads  to  those  studies,  the  track  first  laid  down  by 
Newton  based  on  astronomical  Observations,  and  only  made  firmer  and 
broader  by  every  later  observation. 

I  may  i-emind  yoii,  then,  that  the  motion  of  the  planets  round  the 
sun  in  ellipses,  each  marking  out  the  area  of  its  orbit  at  &  constant  rate, 
and  earh  having  a  year  pi-oportional  to  the  stjuaie  root  of  the  cube  of 
its  mean  distance  from  the  sun.  implies  that  there  is  a  force  on  each 
planet  exactly  proportioned  to  it;*  mass,  directed  toward,  and  invei-sely 
as  the  square  of  its  distance  from  the  ^^un.  The  lines  of  force  radiate 
out  from  the  sun  on  ail  sides  equally,  and  always  grasp  any  matter 
with  a  force  proportional  to  its  mass,  whatever  planet  that  matter 
belongs  to. 

If  we  assume  that  action  and  reaction  are  equal  and  opposite,  then 
each  i)lanet  acta  on  the  sun  with  a  force  proportional  to  its  own  mass; 
and  if.  further,  we  suppose  that  these  forces  aiv  nierel}-  the  sum  totals 
of  the  forces  due  to  every  particle  of  matter  in  the  bodies  acting,  we 
are  led  straight  to  the  law  of  gravitation,  that  the  force  between  two 
masses  M,  il,  is  always  proportional  to  the  pioduct  of  the  masses 
divided  by  the  scjuare  of  the  distance  /■  between  them,  or  is  equal  to 
GxM.xM, 

and  the  constant  multiplier  G  is  the  constant  of  gravitation. 

Since  the  force  is  always  projMrtional  to  the  muss  acted  on,  and 
produces  the  same  change  of  velocity  whatever  that  mass  may  be,  the 
change  of  velocity  tells  us  nothing  altout  the  mass  in  which  it  takes 
place,  but  only  alwut  the  mass  which  is  pulling.  If,  however,  we 
compare  the  accelerations  due  to  different  pulling  bodies,  as  for 
instance  that  of  the  sun  pulling  the  earth  with  that  of  the  earth  pull- 
ing the  moon,  or  if  we  compare  changes  hi  motion  due  to  the  different 

■From  Proceedings  of  the  Royal  Ini^titmion  of  Ijireal  Britain,  Vol.  XVI,  part  2, 
Sovenilier,  1901.  Read  at  weekly  evening  iiu'eting,  Friday,  Felirimry  2;f,  IttOO,  His 
Grace  the  Duke  of  Sorthumberland,  K.  G.,  F.  S.  A.,  president,  in  the  cliair. 
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planets  pulling  oach  olhor,  then  we  can  compare  their  niaissc 
weigh  them  one  against  another  and  ea(^'h  against  the  sun.  J 
this  weighing  our  standard  weight  i;^  not  the  pound  or  kilopr 
terrestrial  weighings,  but  the  mass  of  the  sun. 

For  instance,  from  the  fact  that  a  body  at  the  earth's  purface, 
miles,  on  the  avei-age,  from  the  mass  of  the  earth,  falls  with  a  vp! 
increasing  bv  32  ft.  sec.',  while  the  earth  itself  falls  towai-ds  tht 
92,0O0,()00  miles  away,  with  a  veiwity  increasing  by  about  ^  inch 
we  can  at  once  show  that  the  mass  of  the  sun  is  3(K),lM)0  times  th 
theearth.  In  other  word.s, astronomical  observation  gives  u.sonI. 
acceleration,  the  product  of  G  x  mass  acting,  but  does  not  t«' 
the  value  of  G  nor  of  the  mass  acting  in  terms  of  our  terivs 
standards. 

To  weigh  the  sun,  the   planets,  or  the  earth   in  pounds  or 
grams,  or  to  find  G,  we  must  defend  from  the  heavenly  Iwdie 
earthly  matter,  and  either  compare  the  pull  of  a  weighable  mat;: 
some  body  with  the  pull  of  the  earth  on  it,  or  else  choose  two  we 
able  masses  and  find  the  pull  between  them. 

All  this  was  clearly  seen  by  Newton,  and  was  set  forth  in  his  Sys 
of  the  World  (third  edition,  p.  41). 

He  saw  that  a  mountain  mass  might  be  uneH,  and  weighed  aga' 
the  earth  by  finding  how  much  it  deflected  the  plumb  line  at  its  )» 
The  density  of  the  mountain  could  be  found  from  specimens  of 
rocks  composing  it,  and  the  distance  of  its  parts  from  the  plumb  1 
by  a  suiTcy.  The  deflection  of  the  vertical  would  then  give  the  m 
of  the  earth. 

Newton  also  considered  the  pos.sibility  of  measuring  the  attract! 
between  two  weighable  masses,  and  calculated  how  long  it  would  ta 
a  sphere  a  foot  in  diameter,  of  the  earth's  mean  density,  to  dn 
another  equal  sphere,  with  their  sui-faces  separated  by  one-four 
inch,  through  that  one-fourth  inch.  But  he  made  a  very  great  ni 
take  in  his  arithmetic,  for  while  his  result  gave  alwut  one  month,  ti 
actual  time  would  only  be  about  five  and  one-lialf  minutes.  Had  b 
value  been  right,  gravitational  exiieriments  would  have  licen  heyoi 
the  power  of  even  Professor  Boys.  Some  doubt  has  iK'cri  thrown  i 
Newton's  authorship  of  this  mistake,  but  I  confess  that  there  is  somi 
thing  not  altogether  unpleasing  in  the  mistake  even  of  il  Newton.  H 
faulty  arithmetic  showed  that  there  was  one  quality  which  he  shiiro 
with  the  rest  of  mankind. 

Not  long  after  Newton's  death  the  mountain  exlK^rimentwasnctmlll; 
tried,  and  in  two  way.".  The  honor  of  making  these  first  cx]>criment 
on  gravitation  belongs  to  Bouguer.  whose  splendid  work  in  fhit 
biTaking  new  ground  does  not  appear  to  me  to  have  loceiviKi  th< 
credit  due  to  it. 

One  of  his  plans  consisted  in  nica-uring  the  deliection  of  (lie  ]iliiii]ii 
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line  due  to  Chiinborazo,  one  of  the  Andes  peaks,  by  finding  the  dis- 
tance of  a  star  on  the  meridian  from  the  zenith,  tirat  at  a  station  on 
the  south  side  of  the  mountain,  where  the  vertical  was  deflected,  and 
then  at  a  station  to  the  west,  where  the  mountain  attraction  wa^  nearly 
inconsiderable,  so  that  the  actual  nearly  coincided  with  the  ge<^rapb- 
ical  vertical.  The  difference  in  zenith  distances  gave  the  mountain 
deflection.  It  is  not  surprising  that,  working  in  snowstorms  at  one 
station  and  in  sand  storms  at  the  other,  Bouguer  obtained  a  very 
incorrect  result.  But  at  .'east  he  showed  the  possibility  of  such  work, 
and  since  his  time  many  experiments  have  been  carried  out  on  his 
lines  under  more  favorable  conditions.  Now,  however,  I  think  it  is 
generally  recognized  that  the  difficulty  of  estimating  the  mass  of  a 
mountain  from  mere  surface  chips  is  insurmountable,  and  it  is  admitted 
that  the  experiment  should  be  turned  the  other  way  about  and  regarded 


rendlah'n  appenitug. 


as  an  attempt  to  measure  the  mass  of  the  mountains  from  the  density 
of  the  earth  known  by  other  experiments. 

These  other  experiments  are  on  the  line  indicated  by  Newton  in  his 
calculations  of  the  attraction  of  two  spheres.  The  first  was  cariied 
out  by  Cavendish. 

In  the  apparatus  (fig,  1)  he  used  two  lead  balls,  B  B,  each  2  inches 
in  diameter.  These  were  hung  at  the  end  of  a  horizontal  rod  «  feet 
long,  the  torsion  rod,  and  this  was  hung  up  hy  a  long  wire  from  its 
middle  point.  Two  large  attracting  spheres  of  lead.  W  \V,  each  12 
inches  in  diameter,  were  brought  close  to  the  balls  on  opposite  sides, 
so  that  their  attractions  on  the  balls  conspired  to  twist  the  torsion  rod 
round  the  same  way,  and  the  angle  of  twist  was  measured.  The  force 
could  be  reckoned  in  terms  of  this  angle  by  setting  the  rod  vibrating 
to  and  fro  and  finding  the  time  of  vibration,  and  the  force  came  out  to 
lesethau  oue  tbree-thoiuiaodth  of  a  grain.     Knowing  M^  M,  and  r,  the 
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distanco  between  them  and  the  force  G  Mj  M,  r*.  of  coui'st*  Oaveii 
result  gives  G,  or,  knowing  the  attraction  of  a  big  .sphere  on  a 
and  knowing  the  attraction  of  the  earth  on  the  same  ball — that  i 
weight — the  experiment  gives  the  mass  of  earth  in  terms  of  tli 
the  big  sphere,  and  so  its  mean  density.  This  experiment  has  « 
been  repeated,  but  1  do  not  think  it  i^  too  much  to  say  that  no  adv 
was  made  in  exactness  till  we  come  to  quite  i^ecent  work. 

By  far  the  most  remarkable  recent  study  in  gravitation  is  Proft 
Boys's  beautiful  form  of  the  Cavendish  experiment,  a  research  \v 


stands  out  us  a  model  in  l)eauty  of  design  and  in  exaetin',<.s  of  execu- 
tion (lig.  2).  But  as  Professor  Boys  lias  des<Til>ed  his  cxperliiicnt 
alreadj-  in  this  theater,*  it  is  not  necessary  for  me  to  more  Ibaii  refer 
to  it.  It  is  enough  to  say  thsit  he  made  the  great  discovery,  obvious, 
perhajjs,  when  made,  that  the  sensitiveness  of  the  apparatu^^  is  iiiereased 
by  i-educing  its  dimensions.  He  therefore  decreased  the  smiIo  as  far 
as  was  coiisi.st^'nt  with  exact  measurement  of  the  parts  of  Ihe  appii- 
ratus,  using  a  torsion  rod,  itself  a  mirror,  only  •!  inclie"  long,  gold 
Iwlls,  //[  //(,  only  i  inch  in  diameter,  and  attracting  lend  iiiaf;sei>,  M  M, 


•I-roc.  Royal  IiiHtii 


1,  XIV,  part  2,  1M94,  p.  333. 
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only  4i  inches  in  diameter.  The  force  to  be  measured  was  less  than 
15  X  10'  grain. 

The  exactness  of  his  work  was  increased  by  using  as  suspending 
wire  one  of  his  quartz  threads.  It  would  f>e  ditficult  to  overestimate 
the  service  he  has  rendered  in  the  measurement  of  small  forces  by  the 
discovery  of  the  I'eniarkable  properties  of  these  threads. 

One  of  the  chief  difficulties  in  the  measurement  of  these  small  grav- 
itational pulls  is  the  disturbances  which  are  brought  about  by  the  air 
currents  which  blow  to  and  fro  and  up  and  down  inside  the  apparatus, 
producing  irregular  motions  in  the  toi-sion  rod.  These,  though  much 
reduced,  are  not  reduced  in  proiwrtion  to  the  diminution  of  the 
apparatus. 

A  very  interesting  repetition  of  the  Cavendish  experiment  has  lately 
been  concluded  by  Dr.  Braun "  at  Mariaschein,  in  Bohemia,  in  which 
he  has  sought  to  get  rid  of  these  disturbing  air  currents  by  susj^end- 
ing  his  torsion  rod  in  a  receiver  which  was  nearly  exhausted,  the  pfes- 
sure  being  reduced  to  about  one  two-hundredth  of  an  atmosphere. 
The  gales  which  have  been  the  despair  of  other  workers  were  thus 
reduced  to  such  gentle  breezes  that  their  effect  was  hardly  noticeable. 
His  appai-atus  was  nearly  a  mean  proportional  between  that  of  Caven- 
dish and  Boys,  his  torsion  rod  being  about  !)  inches  long,  the  balls 
weighing  5+  grams — less  than  2  ounce.i — and  the  attracting  masses 
either  5  or  9  kilograms.  His  work  bears  tnte.nal  evidence  of  great 
care  and  accuracy,  and  he  obtained  almost  exactly  the  same  r.^sult  as 
Professor  Boys. 

Dr.  Braun  carried  on  his  work  far  from  the  usual  laboratory  facili- 
ties, far  fi'om  workshops,  and  he  had  to  make  much  of  his  appa- 
ratus himself.  His  Datience  and  pei-sistence  command  our  high<!st 
admiration. 

I  am  glad  to  say  that  he  is  now  repeating  the  experiment,  using  as 
suspension  a  quartz  fiber  supplied  to  him  by  Professor  lioys  in  place 
of  the  somewhat  untrustworthy  metal  wire  which  he  used  in  the  work 
already  published. 

Professor  Boys  has  almost  indignantly  disclaimed  that  he  was 
engaged  on  any  .-iuch  pui-ely  hxral  experiment  as  the  detennination  of 
the  mean  density  of  the  earth.  He  was  working  foi'  the  universe, 
seeking  the  value  of  O,  information  which  would  be  as  useful  on  Mars 
or  Jupiter  or  out  in  the  stellar  system  as  here  on  the  earth.  But 
perhaps  we  may  this  evening  consent  to  be  more  parochial  in  our 
ideas  and  express  the  I'esults  in  terms  of  the  mean  density  of  the 
earth.  In  such  terms,  then,  both  Boys  and  Braun  find  that  density 
5,527  times  the  density  of  water,  agreeing  therfeore  to  1  in  5,000. 

There  is  another  mode  of  pi-oceeding  which  may  be  regarded  as  the 

■  Denkscrhriften  der  llatb.  Wiss.  Classe  der  Kaia.  Akad.  der  WiBaenBchalten  Wieo, 
LXIV,  168«. 
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Cavendish  experiment  turned  fi-om  a  horizontal  into  a  vertical  p 
and  in  which  the  tur^iun  balaix-e  is  repla<'ed  by  the  c<niimuii  l>alt 
This  method  occurred  about  the  same  time  to  the  late  t*rof 
Jolly  and  myself.  The  prineiplo  of  my  own  ('Xi)eriment '  wil 
sufficiently  indicated  by  fig.  3.  A  big  bullion  Italanee  with  a  4- 
beam  hud  two  lead  sphei-es.  A  B.  each  about  50  pounds  in  weight,  li 
ing  from  the  two  ends  in  plate  of  the  usual  scale  pans.  A  lar^e 
sphere,  M,  1  foot  in  diameter  and  weighing  about  850  pounds, 
brought  first  under  one  hanging  weight,  then  under  the  othpr. 
pull  of  the  lead  sphere  acted  first  on  one  side  alone  and  then  on 


other  so  that  the  tilt  of  the  lialance  beam  when  the  f-phere  was  move 
round  was  due  to  twice  the  pull.  IJy  means  of  ridel's  the  tilt  and  theit 
fore  the  pull  was  measured  directly  as  so  much  increase  in  weiirhl 
This  increase,  when  the  sphere  was  l)rought  diit'ctly  under  the  hnngirij 
weight  with  1  foot  between  the  centers,  was  about  one-fifth  mgin.  in  i 
total  weight  of  20  kilograms,  or  al>out  1  in  Hhi.ood.ihiu.  ]f,  then,  i 
sphere  one  foot  away  pulls  with  1  10*  of  thi;  earths  pull,  the  cartl 
being  on  the  average  2O,0i'Mi,O<.i0  feet  away,  it  is  easy  to  see  that  tin 
earth's  mass  is  calculable  in  terms  of  the  mass  of  the  sphere,  and  it- 
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density  is  at  once  deduced,     Tlie  direct  aim  of  this  experiment,  then, 
is  not  G,  but  the  mass  of  the  eai-tb. 

It  is  not  a  little  surprising  that  the  balance  could  be  made  to  indicat« 
such  a  small  increase  in  weight  as  1  in  100,000,000,  But  not  only  did 
it  indicate,  it  measured  the  increase,  with  variations  usually  well  within 
1  per  cent  of  the  double  attraction,  or  to  1  in  5,000,000,000  of  the 
whole  weight,  a  change  in  weight  which  would  ocMJur  merely  if 
one  of  the  spheres  were  moved  one-fortieth  inch  nearer  the  earth's 
center.  This  accuracy  is  only  attained  by  never  lifting  the  Itnife  edges 
and  planes  during  an  experiment,  thus  l^eeping  the  beam  in  the  same 
state  of  strain  throughout,  and,  fui-ther,  by  tailing  care  that  none  of 
the  mechanism  for  moving  the  weights  or  riders  shall  be  attached  in 


any  way  to  the  balance  or  it?  ease;  two  conditions  which  are  abso- 
lutely essential  if  we  are  to  get  tlio  i>est  results  of  which  the  balance 
is  capable. 

Quite  recently  another  common  iialanco  experiment  has  iieen  brought 
to  a  conclusion  by  Professor  Richarz  and  Dr.  Krigar-Menzel  °  at  Span- 
dau,  near  Berlin.  Their  method  may  be  gathered  from  fig.  i.  A 
balance  of  23  cm.,  say  S*-inch  Iwam,  was  mounted  above  a  huge  lead 
pile  about  2  meters  culjc,  and  weighing  1(H). (HHl  kilograms. 

Two  pins  were  supported  from  each  end  of  the  beam,  one  pan  ai>ove 
the  other  pan  Ik'Iow  the  lead  cube,  the  suspending  wires  of  the  lower 
pans  going  through  narrow  vertical  tubular  holes  in  the  lead.     Instead 
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of  moving  the  attracting  niaas,  the  attracted  m&sa  was  moved.  Masses 
of  1  kilogram  each  were  put  fii'^>t,  say.  one  in  the  upper  right-hand  pan, 
the  other  in  the  lower  left-hand  pan,  when  the  pull  of  the  lead  hlock 
ntade  the  right  hand  heaviei*  and  the  left  hand  lighter.  Then  the 
weightjj  were  changed  to  the  lower  right  hand  and  the  upper  left  hand, 
when  the  pulls  of  the  lead  pile  were  i-everwed.  When  we  remember 
that  in  my  experiment  a  lowering  of  the  hanging  sphere  by  H  inches 
would  give  an  effect  as  gi-ent  as  the  pull  I  was  measuring,  it  is  evident 
that  here  the  approach  to  and  removal  from  the  earth  by  over  2  meters 
would  produce  very  considerable  changes  in  weight,  and,  indeed, 
these  changes  masked  the  effect  of  the  attraction  of  the  lead.  Prelimi- 
nary experiments  had.  therefore,  to  be  made  before  the  lead  pile  was 
built  up,  to  find  the  change  in  weight  due  to  I'emoval  from  upper  to 
lower  pan,  and  this  change  bad  to  he  allowed  for.  The  quadruple 
attraction  of  the  lead  pile  came  out  at  1.3664  mgm.,  and  the  mean 
density  of  the  earth  at  5, 505, 

This  agrees  nearly  with  my  own  result  of  5.49,  and  it  is  a  curious 
coincidence  that  the  two  most  recent  Imlance  exiwrimenfcs  agree  very 


nearly  at,  say,  5.5,  and  the  two  most  recent  Cavendish  experiments 
agree  at,  say,  5.5.3.  but  1  confess  I  think  it  is  merely  a  coincidence.  I 
have  no  doubt  that  tlie  toi-sion  experiment  is  the  more  exact,  though 
probably  an  cxijeriment  on  different  lines  was  worth  making,  and  I 
am  quite  content  to  accept  the  value  5.527  as  the  standai-d  value  for  the 
present. 

And  so  the  latest  research  has  amply  verified  Newton's  celebmted 
guess  that  "the  quantity  of  the  whole  matter  of  the  earth  may  be  five 
or  six  times  greater  than  if  it  consisted  all  of  water." 

I  now  turn  to  another  line  of  gravitational  research.  When  we 
compare  gravitjition  with  other  known -forces  (and  those  which  have 
been  most  closely  studied  are  electric  and  magnetic  forces)  we  are  at 
once  led  to  inquire  wiiether  the  lines  of  gravitative  force  are  always 
straight  lines  radiating  from  or  to  the  uiass  round  which  they  center, 
or  whether,  like  electric  and  magnetic  lines  of  foive.  they  have  a  pref- 
ei'ence  for  some  media  and  a  distaste  for  others.  We  know,  for 
example,  that  if  a  msignetic  sphei-e  of  ii-on  or  colsilt  or  manganese  is 
placed  in  a  previously  straight  field  its  permeability  is  greater  than 
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the  air  it  replaces,  and  the  Unes  of  force  crowd  into  it,  as  in  fig.  5, 
The  magnetic  action  i»  then  stronger  in  the  presence  of  the  sphere  near 
the  end»  of  a  diameter  parallel  to  the  original  course  of  the  lines  of 
force  and  the  lines  are  deflected.  If  the  sphere  be  diamagnetlc.  of 
water,  or  copper,  or  bismuth,  the  permeability  ttcing  less  than  that 
of  air,  there  i.s  an  opposite  effect,  as  in  fig.  6,  and  the  field  is  weakened 
at  the  end  of  a  diameter  parallel  to  the  lines  of  force,  and  again  the 
lines  are  deflected.  Similarly  a  dielectric  body  placed  in  an  electric 
field  gathers  in  the  lines  of  force  and  make.'t  the  field  where  the  lines 
enter  and  leave  stronger  than  it  was  before. 

If  we  inclose  a  magnet  in  a  hollow  box  of  soft  iron  placed  in  a  mag- 
netic field,  the  lines  of  foi-ce  are  gathered  into  the  iron  and  largely 
cleared  away  from  the  in- 
side ca^'itr,  so  that  the  mag- 
ret  ia  screened  from  exter- 
nal action. 

Now,  common  experience 
might  lead  us  at  once  to  say 
that  there  is  no  very  con- 
fiiderable  efltect  of  this  kind 
with  gravitation.  The  evi- 
dence of  ordinary  weighings 
may  perhaps  be  rejected, 
inasmuch  as  both  sides  will  l>e  equally  affected  as  the  balance  is 
commonly  used.  But  a  spring  Italance  should  show  if  there  is  any 
large  effect  when  used  in  different  positions  above  different  media  or 
in  different  inclosures,  and  the  ordinary  balance  is  used  in  certain 
experiments  in  which  one  weight  is  suspended  beneath  the  balance 
case  and  surrounded  perhaps  by  a  metal  case  or  perhaps  by  a.  water 
bath.  Yet  no  appreciable  variation  of  weight  on  that  account  has  yet 
been  noted,  nor  does  the  direction  of  the  vertical  change  rapidly  from 
place  to  place,  as  it  would  with  varying  permeability  of  the  ground 
below.  But  perhaps  the  agreement  of  )>endulum  results,  whatever  the 
block  on  which  the  |>endulum  is  placed  and  whatever  the  case  in  which 
it  is  contained,  gives  the  best  evidence  that  there  is  no  great  gathering 
in  or  opening  out  of  the  lines  of  the  earth's  force  by  different  media. 

Still,  a  direct  experiment  on  the  attraction  between  two  masses  with 
different  media  interposed  was  well  worthy  of  trial,  and  such  an  exper- 
iment has  lately  been  carried  out  in  America  by  Messrs.  Austin  and 
Thwiog.'  The  effect  to  be  looked  for  will  be  understood  from  fig.  7. 
If  a  medium  more  permeable  to  gravitation  is  interposed  between  two 
bodies,  the  lines  of  force  will  move  into  it  from  each  side,  and  the 
gravitative  pull  on  a  iMjdy  near  the  interposed  medium  on  the  side 
away  from  the  attracting  body  will  i>e  increased. 
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The  apparatuii  tht^y  uned  w&s  a  niodilietl  kind  of  Boy^V  apparatus 
(fig.  8).  Two  HDiftll  gold  matwcs,  in  the  form  of  lihort  vertical  wires, 
each  0,4  gin.  in  weight,  were  arranged  at  different  levels  at  the  ends 
virtually  of  a  torsion  rod  8  niui.  long.  The  attracting  masses  M,  ]VI, 
were  lead,  each  about  1  kgm.  These  were  first  in  the  |xjsitions  shown 
bv'  black  lines  in  the  figure,  and  were  then  moved  into  the  positions 
shown  by  dotted  lines.  The  attraction  was  measured  tii-st  when  merely 
the  air  and  the  case  of  the  instrument  intervened,  and  then  when  vari- 
ous slabs,  each  .1  cm.  thick.  10  cm.  wide,  and  2it  cm.  hif^h.  were  inter- 
posed. With  screens  of  lead,  zinc,  mercury,  water,  alcohol,  or 
glycerin,  the  change  in  attraction  was  at  the  most  a)>oiit  1  in  dO<), 
and  this  did  not  exceed 
the  errors  of  experiment. 
That  is,  they  found  no  evi- 
dence of  a  change  in  pull 
with  change  of  medium.  If 
such  change  exists,  it  is  not 
of  the  order  of  the  change 
of  electric  pull  with  change 
of  medium,  but  something 
far  smaller.  Perhaps  it 
still  remains  just  possible 
that  thei-o  are  variations  of 
gravitational  permeability 
comparable  with  the  varia- 
tions of  magnetic  penue- 
ability  in  media  such  as 
water  and  alcohol. 

Vet  another  kind  of  effect 
might  be  suspected.  In 
■"  most  crystalline  sul>stttnce8 
the  physical  properties  are 
different  along  different  di- 
rections in  a  crystal.  Theyexpimd  differently,  they  conduct  heat  differ- 
ently, and  they  transmit  light  at  different  speeds  in  different  directions. 
We  might,  then,  imagine  that  the  lines  of  gmvitative  force  spivad  out 
from,  say,  a  crystal  sphei-e  unequally  in  diffei'ent  directions.  iSouie 
years  ago,  Dr.  Mackenzie"  made  an  cxpcrinient  in  America,  in  which 
he  sought  for  direct  evidence  of  such  unequal  distrilmtion  of  the  lines 
of  force.  He  used  a  fonn  of  apjiaratus  like  that  of  Professor  Boys 
(fig.  2).  the  attracting  masses  I)cing  ciilc  spar  sphere^  about  i  inches  in 
diameter.  The  attnicted  masses  in  one  experiment  were  small  lead 
spheres  about  one-half  gm.  each,  and  he  measured  the  attraction 
between  the  crvstals  and  the  lead  when  the  axes  of  the  (Tvstala  were 
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set  in  various  positions.  But  the  variation  in  the  attraction  waa 
merely  of  the  order  of  error  of  experiment.  In  another  experi- 
ment the  attracted  masses  were  small  oalc  spar  (crystal  cylinder^!, 
weighing  a  little  more  than  one-half  gm.  each.  But  again  there  was 
no  evidence  of  variation  in  the  attraction  with  variation  of  axial 
direction. 

Practically  the  same  problem  Was  attacked  in  a  different  way  by 
Mr.  Gray  and  myself.'  We  tried  to  find  whether  a  quartz  crystal 
sphere  had  any  directive  action  on  another  quartz  crystal  sphere  close 
to  it,  whether  they  tended  to  set  with  their  axes  parallel  or  crossed. 

It  may  easily  be  seen  that  this  is  the  same  problem  by  considering 
what  must  happen  if  there  is  any  difference  in  the  attraction  between 
two  such  spheres  when  their  axes  are  parallel  and  when  they  are 
crossed.  Suppose,  for  example,  that  the  attraction  is  always  greater 
when  their  axes  are  parallel,  and  this  seems  a  reasonable  supposition. 
Inasmuch  as  in  straightforward  crystallization  successive  parL<j  of  the 
crystal  are  added  to  the  existing  crystal,  all  with  their  axes  j>arallel. 
Begin,  then,  with  two  quarts  crystal  spheres  near  each  other,  with 
their  axes  in  the  same  plane,  but  perpendicular  to  each  other.  Remove 
one  to  a  very  gi-eat  distance,  doing  work  against  their  mutual  attrac- 
tions. Then,  when  it  is  quite  out  of  range  of  appreciable  action,  turn 
it  round  till  its  axis  is  parallel  to  that  of  the  fixed  crystal.  This 
absorbs  no  work  if  done  slowly.  Then  let  it  return.  The  force  on 
the  return  journey  at  every  point  is  greater  than  the  force  on  the 
outgoing  journey,  and  more  work  will  be  got  out  than  was  put  in. 
When  the  sphere  is  in  its  first  position,  turn  it  round  till  the  axes  are 
again  at  right  angles.  Then  work  must  be  done  on  turning  it  through 
this  right  angle  to  supply  the  diffei-ence  between  the  outgoing  and 
incoming  works.  "For,  if  no  work  were  done  in  the  turning,  we  could 
go  through  cycle  after  cycle,  always  getting  a  balance  of  energy  over, 
and  this  would,  I  think,  imply  either  a  cooling  of  the  crystals  or  a 
diminution  in  their  weight,  neither  supposition  being  admissible.  We 
are  led,  then,  to  say  that  if  the  attraction  with  parallel  axes  exceeds 
that  with  crossed  axes,  there  must  be  a  directive  action  resisting  the 
turn  from  the  cros.sed  to  the  parallel  positions.  And,  conversely,  a 
directive  action  implies  axial  variation  in  gravitation. 

The  straightforward  mode  of  testing  the  existence  of  this  directive 
action  would  consist  in  hanging  up  one  sphere  by  a  wire  or  thread 
and  turning  the  other  round  into  various  positions  and  observing 
whether  the  hanging  sphere  tended  to  twist  out  of  position.  But  the 
action,  if  it  exists,  is  so  minute  and  the  disturbances  due  to  air  cur- 
rents are  so  great  that  it  would  be  extremely  difficult  to  observe  its 
effect  directly.     It  occurred  to  us  that  we  might  call  in  the  aid  of  the 
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principle  of  forced  oscillations  liv  turning  one  sphere  round  and  round 
at  a  constant  rate,  so  that  the  couple  would  act  first,  in  one  diret-tioD 
and  then  in  the  other,  alternately',  and  so  set  the  hanging  sphere 
vibrating  to  and  fro.  The  nearer  the  complete  time  of  vibration  of 
the  applied  couple  to  the  natural  time  of  vil>ration  of  the  hanging 
sphere,  the  greater  would  l)c  the  vibration  set  up.  This  is  well  illus- 
trated by  moving  the  point  of  suspension  of  a  pendulum  to  and  fro  in 
gradually  decreasing  periods,  when  the  swing  gets  longer  and  longer, 
till  the  period  is  that  of  the  pendulum,  and  then  deereasos  again;  or, 
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by  the  experiment  of  varying  the  length  of  a  jar  resounding  to  n  given 
fork,  when  the  sound  suddenly  swells  out  as  the  length  becomes  that 
which  would  naturally  give  the  same  note  a.--  the  fork.  Now,  in  look- 
ing for  the  couple  between  the  crystals,  there  are  two  possible  ctiscs. 
The  most  likely  is  that  in  which  the  couple  acts  in  one  way  while  tbc 
turning  sphere  is  moving  from  parallel  to  crossed,  and  in  the  op|)osite 
way  during  the  next  quarter  turn  from  crossed  to  i>arallol;  that  is,  the 
couple  vanishes  four  times  during  the  revolution,  and  this  we  may 
term  a  quadrantal  couple;  but  it  is  just  possible  that  a  quartz  crystal 
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bflH  two  ends,  like  a  magnet,  and  that  like  poles  tend  to  like  directions. 
Then,  the  nouplc  will  vanish  only  twiee  in  a  revolution  and  may  be 
termed  a  semicii-cular  couple.  We  looked  for  both,  but  it  is  enough 
now  to  consider  the  possibility  of  the  quadrantal  couple  only. 

Our  mode  of  working  will  be  seen  from  fig.  9.  The  hanging 
sphere,  0.9  cm.  in  diameter  and  1  gm.  in  weight,  was  placed  in  a  light 
aluminum  wire  c^e  with  a  mirror  on  it,  and  suspended  by  a  long 
quartz  fiber  in  a  brass  case  with  a,  window  in  it  opposite  the  mirror, 
and  surrounded  by  a  double- walled,  tinfoiled  wood  ease.  The  position 
of  the  sphere  was  read  in  the  usuiil  way,  by  scale  and  telescope.  The 
time  of  swing  of  this  little  sphere  was  one  hundred  and  twenty  seconds. 

A  larger  quartz  sphere,  6.6  cm.  diameter  and  weighing  400  gms., 
was  fixed  at  the  lower  end  of  an  axis,  which  could  be  turned  at  any 
desired  rate  by  a  regulated  motor.     The  centers  of  the  spheres  were 
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on  the  same  level  and  5.9  cm.  apart.  On  the  top  of  the  axis  was  a 
wheel  with  20  equidistant  marks  on  its  rim,  one  passing  a  fixed  point 
every  eleven  and  five-tenths  seconds. 

It  might  be  expected  that  the  couple,  if  it  existed,  would  have  the 
greatest  effect  if  its  period  exactly  coincided  with  the  one  hundred  and 
twenty  second  period  of  the  hangingsphere,  i.  e.,  if  the  larger  sphere 
revolved  in  two  hundred  and  forty  seconds;  but  in  the  conditions  of 
the  experiment  the  vibrations  of  the  small  sphere  were  very  much 
damped,  and  the  forced  oscillations  did  not  mount  up  as  they  would 
in  a  freer  swing.  The  disturbances,  which  were  mostly  of  an  impul- 
sive kind,  continually  set  the  hanging  sphere  into  large  vibration,  and 
these  might  easily  be  taken  as  due  to  the  revolving  sphere.  In  fact, 
looking  for  the  couple  with  exactly  coincident  periods  would  be  some- 
thing like  trying  to  find  if  a  fork  set  the  air  in  a  resonating  jar  vibrat- 
ing when  a  brass  band  was  playing  all  round  it.     It  was  necessary  to 
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make  the  couple  period,  then,  a  little  different  from  the  natural  one 
hundred  and  twenty  second  period,  and  accordingly  we  revolved  the 
large  sphere  once  in  two  hundred  and  thirty  seconds,  when  the  sup- 
posed quadrantal  couple  would  have  a  period  of  one  hundred  and  fif- 
teen seconds. 

Figs.  10  and  11  may  help  to  show  how  this  enabled  ua  to  eliminate 
the  disturbances.  Let  the  ordinates  of  the  curves  in  fig,  10  represent 
vibrations  set  out  to  a  horizontal  time  scale.  The  upper  curve  is  a 
regular  vibration  of  range  ±  3,  the  lower  a  disturbance  beginning 
with  range  ±  10.  The  first  has  period  1,  the  second  period  1.25, 
Now,  cutting  the  curves  into  lengths  equal  to  the  period  of  the  shorter 
time  of  vibration  and  arranging  the  lengths  one  under  the  other,  as  in 
fig.  11,  it  will  be  seen  that  the  maxima  and  the  minima  of  the  regular 
vibration  always  fall  at  the  same  points,  ao 
that,  taking  7  periods  and  adding  up  the  ordi- 
nates, we  get  7  times  the  range,  viz,  ±  21. 
But  in  the  disturbance  the  maxima  and  mini- 
ma fall  at  different  points,  and  even  with  7 
periods  only,  the  range  is  from  + 16  to  —  13, 
or  less  than  the  range  due  to  the  addition  of 
the  nmch  smaller  regulation  vibration. 

In  our  experiment  the  couple,  if  it  existed, 
would  very  soon  establish  its  vibration, 
which  would  always  be  there  and  would  go 
through  all  its  values  in  one  hundred  and 
fifteen  seconds.  An  observer,  watching  the 
wheel  at  the  top  of  the  revolving  axis,  gave 
the  time  signals  every  eleven  and  five-tenth 
seconds,  regulating  the  speed  if  necessary, 
and  an  observer  at  the  telescope  gave  the 
*^''''"  scale  reading  at  every  signal — that  is,  10 
times  during  the  period.  The  values  were 
arranged  in  10  columns,  each  horizontal  line  giving  the  readings  of 
a  period.  The  experiment  was  carried  on  for  about  two  and  one-half 
hours  at  a  time,  covering,  say,  80  periods.  On  adding  up  tbe  columns 
the  maxima  and  minima  of  the  couple  effect  would  always  fall  in  the 
same  two  columns,  and  so  tbe  addition  would  give  80  times  the  swing, 
while  the  maxima  and  minima  of  the  natural  swings  due  to  disturb- 
ances would  fall  in  different  columns,  and  so,  in  the  long  run,  neu- 
tralize each  other.  The  results  of  different  days'  work  might,  of 
course,  be  added  together. 

There  always  was  a  small  out^^tanding  effect,  such  as  would  he  pro- 
duced by  a  quadrantal  couple,  but  its  effect  was  not  always  in  the  same 
columns,  and  tbe  net  result  of  about  throe  hundred  and  fifty  period 
observations  was  that  there  was  no  one  hundred  and  fifteen  second 
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vibration  of  more  than  1  second  of  arc,  while  the  disturbances  were 
sometimes  50  times  as  gieut. 

The  semicircular  couple  required  the  turninj;  sphere  to  revolve  in 
one  hundred  and  fifteen  seconds.  Here  want  of  symmetry  in  the 
apparatUfi  would  come  in  with  the  same  effect  an  the  couple  sought, 
and  the  outstanding  result  was  accoi-dingly  a  little  larger. 

But  in  neither  case  could  the  experiments  be  taken  as  showing  a  real 
couple.  They  only  showed  that,  if  it  existed,  it  was  incapable  of  pro- 
ducing an  effect  greater  than  that  observed. 

Perhaps  the  best  way  to  put  the  result  of  our  work  is  this:  Imagine 
the  small  sphere  set  with  its  axis  at  45^  to  that  of  the  other.  Then 
the  couple  is  not  greater  than  one  which  would  take  five  and  one- fourth 
hours  to  turn  it  through  that  45'^  to  the  parallel  position,  and  it  would 
oscillate  about  that  position  in  not  leas  than  twenty-one  hours. 

The  semicircular  couple  is  not  greater  than  one  which  would  turn 
from  crossed  to  parallel  position  in  four  and  one-half  hours,  and  it  would 
oscillate  about  that  position  in  not  less  than  seventeen  hours. 

Or,  if  the  gravitation  is  less  in  the  crossed  than  in  the  parallel  posi- 
tion, and  in  a  constant  ratio,  the  difference  is  less  than  1  in  16,000  in 
the  one  case  and  less  than  1  in  2,800  in  the  other. 

We  may  compare  with  these  numbci's  the  difference  of  rate  of  travel 
of  yellow  light  through  a  quartz  crystal  along  the  axis  and  perpen- 
dicular to  it.  That  difference  is  of  quite  another  order,  being  about  1 
in  170. 

As  to  other  possible  qualities  of  gravitation,  I  shall  only  mention 
that  quite  indecisive  experiments  hav6  been  made  to  seek  for  an  altera- 
tion of  mass  on  chemical  combination,'  and  that  at  present  there  is  no 
reason  to  suppose  that  temperature  affects  gravitation.  Indeed,  as  to 
temperature  effect,  the  agreement  of  weight  methods  and  volume 
methods  of  measuring  expansion  with  rise  of  temperature  is  good,  as 
faraM  it  goes,  in  showing  that  weight  is  independent  of  temperature. 

So,  while  the  experiments  to  determine  G  are  converging  on  the 
same  value,  the  attempts  to  show  that,  under  certain  conditions,  it  may 
not  be  constant,  have  resulted  so  far  in  failure  all  along  the  line.  No 
attack  on  gravitation  has  succeeded  in  showing  that  it  is  related  to  any- 
thing but  the  masses  of  the  attracting  and  the  attracted  bodies.  It 
appears  to  have  no  relation  to  physical  or  chemical  condition  of  the 
acting  masses  or  to  the  intervening  medium. 

Perhaps  we  have  been  led  astray  by  false  analogies  in  some  of  our 
questions.  Some  of  the  qualities  we  have  sought  and  failed  to  find, 
qualities  which  characterize  electric  and  magnetic  forces,  may  be  due 
to  the  polarity,  the  +  and  — ,  which  we  ascribe  to  poles  and  charges, 
and  which  have  no  counterpart  in  mass. 

'Landolt,  Zeit.  fur  Pbya.  Chem.  XII,  1, 1SU4.  Sontordand  Ray,  Physical  Review, 
V.  1897,  p.  247. 
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But  this  unlikenctM,  this  iridcpondnncG  of  gt^vitution  of  any  quality 
but  mass,  bai'is  the  way  to  any  explanation  of  its  nature. 

The  dependenee  of  electric  forces  on  the  medium,  one  of  Faraday's 
grand  diseoveries  forever  ass<K-iated  with  the  Royal  Institution,  was 
the  fii"st  step  which  led  on  to  the  electi-omagnetic  theory  of  light,  now 
so  splendidly  illustrated  by  Hertz's  electromagnetic  waves.  The 
quantitative  laws  of  electrolysis,  again  due  to  Faraday,  are  leading,  I 
believe,  to  the  identilii^tion  of  electriticatioii  and  chemical  separation— 
to  the  identiKcation  of  electric  with  chemical  energy. 

But  gravitation  still  stands  alone.  The  isolation  which  Faraday 
sought  to  break  down  is  still  complete.  Yet  the  work  I  have  been 
describing  is  not  all  failure.  We  at  least  know  something  in  knowing 
whatqualiticsgravitationdoesnotpossess,  and  when  the  time  shall  come 
for  explanation  all  those  laborious  and,  at  first  sight,  useless  experi- 
ments will  take  their  place  in  the  foundation  on  which  that  explanation 
will  be  built. 
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ON  ETHER  AND  GRAVITATIONAL  MATTER  THROUGH 
INFINITE  SPACE.- 


Bv  LoBi»  Kklvin. 


NOTE  ON  THE  POSaiBLB  DENSITY  OF  THE  I.UMINIFEROUS  MEDIUM  AND  ON 
THE  MJM'HANICAI.  VALUE  OF  A  CUBIC  MILE  *"  OF  SUNLIGHT.'' 

SBfTTiON  1,  That  there  must  be  h  medium  foniiing  a  eontiiiuous  mate- 
rial communication  throughout  spate  to  the  remotest  visible  iKxiy  is 
a  fundamental  ass^umption  in  the  undulatory  theory  of  light.  Whether 
or  not  this  medium  i.s  (as  appears'  to  me  most  probable)  a  continuation 
of  our  own  atmosphere,  its  existence  is  a  fact  that  can  not  be  ques- 
tioned when  the  overwhelming  evidence  in  favor  of  the  undulatory 
theory  is  considered;  and  the  investigation  of  its  properties  in  every 
possible  way  becomes  an  object  of  the  greatest  interest.  A  first  ques- 
tion would  naturally  o<',cur.  What  is  the  absolute  density  of  the  lumi- 
niferous  ether  in  any  part  of  space?  I  am  not  aware  of  any  attempt 
having  hitherto  been  made  to  answer  this  question,  and  the  present 
state  of  science  does  not  in  fact  afford  sufficient  data.  It  has,  however, 
occurred  to  me  that  we  may  assign  an  inferior  limit  to  the  density  of 
the  luminiferous  medium  in  interplanetary  space  by  considering 
the  mechanical  value  of  sunlight  as  deduced  lu  preceding  communica- 
tions to  the  Royal  Society '  from  Pouillef s  data  on  solar  radiation  and 

■Reiirinted  from  tlie  Ijoiidon,  F^Unburgh,  anil  Dubliii  Philosophical  Magazine  and 
Journal  of  Scienco  [xixth  xerii^],  August,  1901,  pp.  161-177.  [This  is  an  amplitita- 
tion  of  Let'ture  XVI,  Baltimore,  October  15,  1M84,  now  being  prepared  tor  print  in  a 
volume  on  Molecular  Dyiiwnioi"  and  the  Wave  Theorj'  of  Light,  which  I  hope  may  be 
published  within  a  year  from  the  present  time.] 

''Note  of  I>e<«[nber  '22,  1892. — The  brain-wasting  perversity  of  the  insular  inertia 
which  still  fODiIemiiH  Brilish  ei^neera  tu  reckoningH  of  inilett  and  yards  and  feet  and 
inchex  and  gruns  and  poimds  and  ouucfs  and  acres  ie  curioasly  illustrated  by  the 
title  and  numerical  results  of  this  article  as  originally  publiehed. 

'(X'tober  13, 1899. — In  the  present  repnxiuetion,  aa  part  of  my  Lei*ire  XVI,  of 
Baltimore,  1884,  I  BUgjRwt  cubic  kilometer  instead  of  "cubii:  mile"  in  the  title,  and 
use  the  French  metrical  system  exclusively  in  the  article. 

*From  Etiin.  Royal  Soc.  Trans.,  Vol.  XXI,  Part  I,  May,  1854;  Phil,  Mag.,  IX,  1854; 
Comptes  Rendun,  XXXIX,  Sept.,  1854;  Art.  LXVII  of  Math,  ami  Phys.  Papers. 

•October  13,  1899.— Sot  so  now.  I  did  not  in  1854  know  the  kinetic  theory  of 
gases. 

'Trans.  R.  S.  K. ;  Mechanical  Knergies  of  the  Solar  System;  republished  as  Art. 
LXVI  of  Math,  and  I'hys.  Pajyers. 
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Joule's  mwhHDical  equivalent  of  the  thermal  unit.  Thu»  the  value  of 
solar  radiation  per  seeond  per  square  ceatimeter  at  the  earth's  distance 
from  the  sun,  estimated  at  1,^^35  cm. -grams,  is  the  same  as  the  mechan- 
ical value  of  sunlight  in  the  luminiferous  medium  through  a  space  of 
as  many  cubic  centimeters  as  the  number  of  linear  centimeters  of  prop- 
agation of  light  per  second.  Hence  the  mechanical  value  of  the  whole 
energy,  kinetic  and  potential,  of  the  disturbance  kept  up  in  the  space 
of  a  cubic  centimeter  at  the  earth's  distance  from  the  sun*  is 

1235  +12     , 

g^^Qiy.or  jQTiof  acm.-gram. 

Sec,  2.  The  inetrhanical  value  of  a  cubic  kilometer  of  sunlight  ia 
consequently  +l:i  meter-kilograms,  efjuivalent  to  the  work  of  one 
horsepower  for  five  and  four-tenths  soconds.  This  result  may  give 
some  idea  of  the  actual  amount  of  mechanical  energy  of  the  luminif- 
erous motions  and  forces  within  our  own  atmosphere.  Merely  to 
commence  the  illumination  of  11  cubic  kilometers  requires  an  amount 
of  work  equal  to  that  of  a  horsepower  for  a  minute;  the  same  amount 
of  energy  exists  in  that  space  as  long  as  light  continues  to  traverse 
it,  and,  if  the  source  of  light  be  suddenly  stopped,  must  pass  from  it 
before  the  illumination  ceases.^  The  matter  which  possesses  this 
energy  is  the  luminiferous  medium.  If,  then,  we  knew  the  velocities 
of  the  vibratory  motions,  we  might  ascertain  the  density  of  the 
luminiferous  medium;  or.  conversely,  if  we  knew  the  density  of  the 
medium,  we  might  determine  the  avenge  velocity  of  the  moving 
particles. 

Sec.  3.  Without  au}'  such  definite  knowledge  we  may  a.ssign  a 
superior  limit  to  the  velocities  and  deduce  an  inferior  limit  to  the  quan- 
tity of  matter  by  considering  the  nature  of  the  motions  which  con- 
stitute waves  of  light.  For  it  appears  certain  that  the  amplitudes  of 
the  vibratiouij  constituting  radiant  heat  and  light  must  be  but  small 
fractions  of  the  wave  lengths,  and  that  the  greatest  velocities  of  the 
vibrating  particles  must  be  very  small  in  comparison  with  the  velocity 
of  projmgation  of  the  waves. 

Sec,  4,  Let  us  consider,  for  instance,  homogeneous  plane  polarized 
light,  and  let  the  greatest  velocity  of  vibration  he  denoted  bv  v;  the 
distance  to  which  a  particle  vibrates  on  each  side  of  its  position  of 

'The  me(-hani(«l  value  of  eunlight  in  any  space  near  ttie  sun's  Burfaiv  miiet  l>e 
greater  than  in  an  e<|ual  epace  at  ttie  earth's  distance  in  the  ratio  of  the  nqiiare  of  the 
earth's  dieliini^  to  the  square  ot  the  sun's  radiuii — that  ia,  in  the  ratio  of  46,000  to  1 
nearly.  The  mei'hanic»l  value  of  a  cubic  centimeter  of  sunlight  near  the  sun  must, 
therefore,  be 

'^g-,*J2°°.  »'  "!-»'  ■«>«  'I  '  m-«™.. 

''Kimilarly  we  find  4,140  hurw;power  for  a  minute  as  the  amount  of  work  reqnirei* 
to  generat«  the  energy  existing  in  a  cubic  kitouiett;r  of  light  near  the  sun. 
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equilibrium  by  A;  and  the  wave  length  by  A.     Then,  if  V  denote  the 
velocity  of  propagation  of  light  or  radiant  heat,  we  have 


and  therefore  if  A  be  a  small  fraction  of  X,  v  must  also  be  a  small 
fraction  (2t  times  as  great)  of  V.  The  same  relation  holds  for  cir- 
cularly polarized  light,  since  in  the  time  during  which  a  particle 
revolves  once  round  in  a  circle  of  radius  A  the  wave  has  been  propa- 
gated over  a  space  equal  to  X.  Now,  the  whole  mechanical  value  of 
homogeneous  plane  polarized  light  in  an  infinitely  small  space  con 
taining  only  particles  sensibly  in  the  same  phase  of  vibration,  which 
consists  entirely  of  potential  energy  at  the  instants  when  the  particles 
are  at  1*691  at  the  extremities  of  their  excursions,  partly  of  potential 
and  partly  of  kinetic  energy  when  they  are  moving  to  or  from  their 
positions  of  equilibrium,  and  wholly  of  kinetic  energy  when  they  are 
passing  through  these  positions,  is  of  constant  amount,  and  must 
therefore  be  at  every  instant  equal  to  half  the  mass  multiplied  by  the 
square  of  the  velocity  which  the  particles  have  in  the  last-mentioned 
case.  But  the  velocity  of  any  particle  passing  through  its  position 
of  equilibrium  is  the  greatest  velocity  of  vibration.  This  we  have 
denoted  by  v;  and,  therefore,  if  p  denote  the  quantity  of  vibrating 
matter  contained  in  a  certain  space,  a  space  of  unit  volimie,  for  in- 
stance, the  whole  mechanical  value  of  all  the  energy,  both  kinetic  and 
potential, of  the  disturbance  within  that  space  at  any  time  is  ipt^. 
The  mechanical  energy  of  circularly  polarized  light  at  every  instant 
is  {as  has  been  pointed  out  to  me  by  Professor  Stokes)  half  kinetic 
energy  of  the  revolving  particles  and  half  potential  energy  of  the 
distortion  kept  upin  the  luminifei-ous  medium;  and,  therefore,  v  being 
now  taken  to  denote  the  constant  velmnty  of  motion  of  each  particle, 
double  the  preceding  expression  gives  the  mechanical  value  of  the  whole 
disturbance  in  a  unit  of  volume  in  the  present  case. 

Sec.  5.  Hence,  it  is  clear  that  for  any  elliptically  polarized  light  the 
mechanical  value  of  the  disturbance  in  a  unit  of  volume  will  be 
between  ifnf  and  /Xi*,  if  v  still  denote  the  greatest  velocity  of  the 
vibrating  particles.  The  mechanical  value  of  the  disturbance  kept 
up  by  a  number  of  coexisting  series  of  waves  of  different  periods, 
polarized  in  the  same  plane,  is  the  sum  of  the  mechanical  values  due 
to  each  homogeneous  series  separately,  and  the  greatest  velocity  that 
can  possibly  be  acquired  by  any  vibrating  particle  is  the  sum  of  the 
separate  velocities  due  to  the  different  series.  Exactly  the  same 
remark  applies  to  coexistent  series  of  circularly  polarized  waves  of 
different  periods.  Hence,  the  mechanical  value  is  certainly  less  than 
half  the  mass  multiplied  into  the  square  of  the  greatest  velocity 
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acquired  by  a  particle,  whon  the  disturbance  consists  in  the  superpo- 
sition of  ditferunt  series  of  plane  polarized  waves;  and  we  may  con- 
clude, for  every  kind  of  radiation  of  light  or  heat  except  a  .series  of 
homogeneouH  circularly  polarized  waves,  that  the  mechanical  value  of 
the  disturbance  kept  up  in  any  i^pace  is  less  than  the  product  of  the 
TOBsa  into  the  square  of  the  jfreatest  veloi-ity  acquired  by  a  vibratinpf 
particle  in  the  varying  phases  of  itt  motion.  How  much  less  in  such 
a  complex  radiation  as  that  of  sunlight  and  heat  we  can  not  U'll, 
because  we  do  not  know  how  much  the  velocitj-  of  a  particle  may 
mount  up,  perhaps  even  to  a  con^iiderable  value  in  comparison  with 
the  velocity  of  propagation,  at  some  instant  by  the  superposition  of 
different  motions  chancing  to  agree;  but  we  maj'  be  sure  that  the 
product  of  the  mass  into  the  square  of  an  ordinary  maximum  velocity, 
or  of  the  mean  of  a  great  many  successive  maxinmm  velocities  of  a 
vibrating  particle,  can  not  exceed  in  any  great  ratio  the  true  mechan- 
ical value  of  the  disturbance. 

Sec.  ti.  Recurring,  however,  to  the  detinit«  expression  for  Uie 
mechanical  value  of  the  disturbance  in  the  case  of  faomogeneoufi  cir- 
cularly polarized  light,  the  only  <rase  in  which  [he  velocities  of  all 
particles  are  constant  and  the  .same,  we  may  define  the  mean  velocity 
of  vibration  in  any  case  as  such  a  velocity  that  the  product  of  its  square 
into  the  mass  of  the  vibrating  particles  is  equal  to  the  whole  mccbau- 
ical  value,  in  kinetic  and  potential  energy,  of  the  disturitance  in  a  certain 
space  traversed  by  it;  and  from  all  we  know  of  the  mechanical  theory 
of  undulations,  it  seems  certain  that  this  velocity  um.st  be  a  very  small 
fraction  of  the  velocity  of  propagation  in  the  most  intense  light  or  radi- 
ant heat  which  is  propagated  according  to  known  laws.  Denoting  this 
velocity  for  the  case  of  sunlight  at  the  earth's  distance  from  the  sun  by 
w,  and  calling  W  the  mass  in  grams  of  any  volume  of  the  luminiferous 
ether,  we  have  the  mechanical  value  of  thetlisturlmuce  in  the  same  space, 
in  terms  of  terrestrial  gravitation  unit*i, 

W  , 


where  f/  is  the  numl>er  9S1,  measuring  in  (0-G.S.)  absolute  units  of 
force,  the  force  of  gravity  on  a  gmm.  Now,  fittiri  I'ouillet's  obser- 
vation, we  found  in  the  last  footnote  on  set^tion  1  above,    —  - — 

for  the  meclmnical  value,  in  centimeter-gmuis,  of  a  cubic  centimeter 
of  sunlight  in  the  neigbt)orhood  of  the  sun;  and  therefore  the  mass,  in 
grams,  of  a  ciitiic  centimeter  of  the  ether,  umst  be  given  by  the  equa- 
tion, 
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If  we  assume  r"=-V,  this  becomes 

™_ 981X1235X46000       ,     981X1235X46000       ,_  20-64       , 
w-  ^  y,  XH-         (3x10'°)'        X»  -  jQ„  Xwgrn.; 

and  for  the  mass,  in  grams,  of  a  cubic  kilometer  we  have  — .q, - X n'. 

Sec.  7.  It  is  quite  impossible  to  fix  a  definite  limit  to  the  ratio 
which  V  may  bear  to  V;  but  it  appears  improbable  that  it  could  be 
more,  for  instance,  than  one-fiftieth  for  any  kind  of  light  following 
the  observed  laws.  We  may  conclude  that  probably  a  cubic  centi- 
meter of  the  luminiferous  medium  in  the  space  near  the  sun  contains 
not  less  than  516X 10"'*  of  a  gram  of  matter;  and  a  cubic  kilometer 
not  less  than  516X10"'  of  a  gram. 

Sec.  8.  [Nov,  16,  1899.-We  have  strong  reason  to  believe  that 
the  density  of  ether  is  constant  throughout  interplanetary  and  inter- 
stellar space.  Hence,  taking  the  density  of  water  as  unity  according 
to  the  convenient  French  metrical  system,  the  preceding  statements 
are  equivalent  to  saying  that  the  density  of  ether  in  vacuum  or  space 
devoid  of  ponderable  matter  is  everywhere  probably  not  less  than 
5X10-". 

Hence  the  rigidity  (being  equal  to  the  density  multiplied  by  the 
Mjuare  of  the  velocity  of  light)  must  be  not  less  than  4500  dynes'  per 
square  centimeter.  With  this  enormous  value  as  an  inferior  limit  to 
the  rigidity  of  the  ether,  we  shall  see  in  an  addition  to  Lecture  XIX 
that  it  is  impossible  to  arrange  for  a  radiant  molecule  moving  through 
ether  and  displacing  ether  bj'  its  translatory  as  well  as  by  its  vibratory 
motions,  consistently  with  any  probable  suppositions  as  to  magnitudes 
of  molecules  and  ruptural  rigidity -modulus  of  ether;  and  that  it  is  also 
impossible  to  explain  the  known  smnllness  of  ethereal  resistance 
against  the  motions  of  planets  and  comets,  or  of  smaller  ponderable 
bodies,  such  as  those  we  can  handle  and  experiment  upon  in  our  abode 
on  the  earth^s  surface,  if  the  ether  mu^t  be  pushed  aside  to  make  way 
for  the  body  moving  through  it.  We  shall  find  ourselves  forced  to 
consider  the  necessity  of  some  hypothesis  for  the  free  motion  of  pon- 
derable bodies  through  ether,  disturbing  it  only  by  condensations  and 
rarefactions,  with  no  incompatibility  in  respect  to  joint  occupation  of 
the  sauie  space  by  the  two  substances."] 

Skc.  9.  I  wish  to  make  a  short  calculation  to  show  how  much  com- 
pressing force  is  exerted  upon  the  luminiferous  ether  by  the  sun's 
attraction.  We  are  accustomed  to  call  ether  imponderable.  How  do 
we  know  it  is  imponderableJ     If  we  had  never  dealt  with  air  except 

*See  Math,  and  Phyn.  Paper*,  Vol.  Ill,  |>.  522;  and  in  the  last  line  of  table  4,  for 

'V>10-*"'  Hul)Htiltite''VJ<10-''," 

'See  Phil.  Mag.,  Aug.,  1900,  pp.  181-1H8, 
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by  our  senses,  air  would  be  imponderable  to  us;  but  we  know  by 
experiment  that  a  vacuous  glass  globe  shows  an  increase  of  weight 
when  air  is  allowed  to  flow  into  it.  We  have  not  the  slightest  reason 
to  believe  the  luminiferous  ether  to  be  imponderable.  [Nov.  17, 
1899. -I  now  see  that  we  have  the  strongest  possible  reason  to 
believe  that  ether  is  imponderable.]  It  is  just  as  likely  to  be  attracted 
to  the  sun  as  air  is.  At  all  events  the  onus  of  pn>of  rests  with 
those  who  assert  that  it  is  imponderable.  I  think  we  shall  have  to 
modify  our  ideas  of  what  gravitation  is,  if  we  have  a  ma-ss  spi-ead- 
ing  through  space  with  mutual  gravitations  between  its  parts  with- 
out being  attracted  by  other  bodies.  [Nov.  17,  ISlt'.'.-But  is  there 
any  gravitational  attraction  between  diffei-ent  portions  of  ether  t  Cer- 
tainly not,  unless  either  it  is  infinitely  resistant  against  condensa- 
tion, or  there  is  only  a  finite  volume  of  space  occupied  by  it.  Suppose 
that  ether  is  given  uniform  spread  through  space  to  infinite  distances 
in  all  directions.  Any  spherical  portion  of  it,  if  held  with  its  sur- 
face absolutely  fixed,  would  by  the  mutual  gravitation  of  its  parts 
become  heterogeneous;  and  this  tendency  could  certainly  not  l>e  coun- 
teracted by  doing  away  with  the  supposed  rigidity  of  its  l>oundary 
and  by  the  attraction  of.  ether  extending  to  infinity'  outside  it.  The 
pressure  at  the  center  of  a  spherical  portion  of  homogeneous  gravita- 
tional matter  is  proportional  to  the  square  of  the  radius,  and  there- 
fore by  taking  the  globe  large  enough  may  be  made  as  large  as  we 
please,  whatever  be  the  density.  In  fact,  if  there  wore  mutual  gravi- 
tation between  its  parts,  homogeneous  ether  extending  through  all 
space  would  be  essentially  unstable  unless  infinitely  resistant  against 
compressing  or  dilating  forces.  If  we  admit  that  ether  is  to  some 
degree  condensable  and  extensible,  and  believe  that  it  extends  through 
all  space,  then  we  must  conclude  that  there  is  no  mutual  gravitation 
between  its  parts,  and  can  not  believe  that  it  is  gravitationally 
attracted  by  the  sun  or  the  earth  or  any  ponderable  matter;  that  ia  to 
say,  we  must  believe  ether  to  be  a  substance  outside  the  law  of  uni- 
versal gravitation.] 

8ec.  10.  In  the  meantime  it  is  an  interesting  and  definite  question 
to  think  of  what  the  weight  of  a  column  of  luminiferous  ether  of  infi- 
nite height  resting  on  the  sun  would  be,  supposing  the  sun  cold  and 
quiet,  and  supposing  for  the  moment  ether  to  be  gravitationally 
attracted  by  the  sun  as  if  it  were  ponderable  matter  of  density 
5XlO~".  You  all  know  the  theorem  for  mean  gravity  due  to  attrac- 
tion inversely  as  the  square  of  the  distance  from  a  point.  It  shows 
that  the  heaviness  of  a  uniform  vertical  column  AH.  of  mass  tr  per 
unit  length  and  having  its  length  in  a  line  through  the  center  of  force 
O,  is 

m-w     Wijr         "'"'■,,-1, 

ca-cb;*'''Oa'^*^^=^' 
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where  m  denotes  the  atti-action  on  unit  of  inaus  at  unit  distance. 
Hence  writing  for  mw  CA,  wnrCA  CA',  we  aee  that  the  attraction  on 
an  infinite  column  under  the  influence  of  a  force  decreasing  according 
to  inverse  square  of  distance  is  equal  to  the  attraction  on  a  column 
equal  in  length  to  the  distance  of  its  near  end  from  the  center  and 
attracted  by  a  uniform  force  equal  to  that  of  gravity  on  the  near  end. 
The  sun's  radius  is  697x10'  ems.,  and  gravity  at  bis  8urfa<-e  is  27 
times'  terrestrial  gravity,  or  say  27,000  dynea  per  gram  of  mass. 
Hence  the  sun's  attraction  on  a  column  of  ether  of  a  square  centimeter 
section,  if  of  density  5xlO~",  and  extending  from  his  surface  to 
infiDity,  would  be  9'4xl0"'  of  adyne,  if  ether  were  ponderable. 

Sec.  11.  Considcrationssimilar  to  those  of  November,  1899,  inserted 
in  section  9  above  lead  to  decisive  proof  that  the  mean  density  of  pon- 
derable matter  through  any  very  lai^e  spherical  volume  of  space  is 
smaller  the  greater  the  radius,  and  is  infinitely  small  for  an  infinitely 
great  radius.  If  it  were  not  so  a  majority  of  the  bodies  in  the  uni- 
verse would  each  experience  infinitely  great  gravitational  force.  This 
is  a  short  statement  of  the  essence  of  the  following  demonstration: 

Sec.  12.  Let  V  be  any  volume  of  space  bounded  by  a  closed  surface 
S,  outside  of  which  and  within  which  there  are  ponderable  bodies;  M 
the  sum  of  the  masses  of  all  these  bodies  within  S;  and  p  the  mean 
density  of  the  whole  matter  in  the  volume  V.     We  have 

M  =  pV (1). 

Ijct  Q  denote  the  mean  value  of  the  normal  component  of  the  gravita- 
tional force  at  all  points  of  S.     We  have 

O.S=4JrM=4jr^V     . (2), 

by  a  general  theorem  discovered  by  Greei'  seventy-three  years  ago 
regarding  force  at  a  surface  of  any  shape,  due  to  matter  (gravita- 
tional or  ideal  electric  or  ideal  magnetic)  acting  a<'cording  to  the 
Newtonian  law  of  the  inverse  square  of  the  distance.  It  is  interesting 
to  remark  that  the  surface  integral  of  the  normal  component  force 
due  to  matter  outside  any  closed  surface  is  zero  for  the  whole  surface. 
If  normal  component  force  acting  inward  i.s  reckoned  positive,  force 
outward  must  of  course  be  reckoned  negative.  In  equation  (2)  the 
normal  component  force  may  !>c  outward  at  some  points  of  the  sur- 
face S,  if  in  some  places  the  tangent  plane  is  cut  by  the  surface.  But 
if  the  surface  is  wholly  convex  the  normal  component  force  must  be 
everywhere  inward. 

Sec.  13.  Let  now  the  surface  be  spherical  of  radius  r.     We  have 

S-4;r/^;  y  =  ~7':  V  =  |rS (8). 

•ThJB  iH  foundeii  on  the  following  values  for  thf  % 
earth's  radius:  Sun's  mass— :t24000  earth's  mass;  sun 
earth's  radiiis=63Tt  kilometers. 
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HeDce,  for  a  itpherical  Hurfat-e,  (2)  gives 


(4)- 


This  shows  that  the  average  nornial  (■oriijM)noiit  ion-e  over  the  surfaoo 
S  in  infinitely  gi'eat,  if  p  is  finite  and  r  is  infinitely  great,  which  Ruffi- 
ces  to  prove  section  11. 
Sec.  14.  For  example,  let 

r-150.H)'.20(>.10'=3-09.10"  km (5). 

Thi»  is  the  distance  at  which  a  star  must  lie  to  have  parallax  one  one- 
thousandth  of  a  second;  because  the  mean  distance  of  the  earth  from 
the  Hun  is  150,00 i,(MXl  kms.,  and  there  are  206,000  seconds  of  angle  in 
the  radian.  Let  us  try  whether  there  can  he  as  much  matter  ha  a 
thou  sand- million  times  the  sun's  mass,  or,  as  we  shall  say  for  brevity, 
a  thousand-million  suns,  within  a  spherical  surface  of  that  radius  (5). 
The  sun's  mass  is  324,000  times  the  earth's  ma^s,  and  therefore  our 
quantity  of  matter  on  trial  is  Z"2i.  10"  times  the  earth's  mass.  Hence 
if  we  denote  by  g  t<irrcstrial  gravity  at  the  earth's  surface,  we  have 
by  (4) 

Q=3-24.10-.(|^14^),.1-37.10-.,    .     .     .    (6). 

Hence  if  the  i-adial  force  were  equal  over  the  whole  sphericAl  surface, 
it«  amount  would  lie  1'37 .  10~"  of  terrestrial  surface-gravity;  and 
every  body  on  or  near  that  surface  would  experience  an  acceleration 
toward  the  center  equal  to 

1-37. 10""  kmg.  per  second  per  .second     .      .  (7), 

because  ff  is  approximately  1,000  cms.  per  second  per  second,  or  -01 
km.  per  second  per  second.  If  the  normal  force  is  not  uniform, 
bodies  on  or  near  the  spherical  surface  will  experience  centerward 
acceleration,  some  at  more  than  that  rate,  some  less.  At  exactly  that 
rate,  the  velocity  acquired  per  year  (thirty-one  and  a  half  million  sec- 
onds) would  hci'3'2.  10"'  kms.  per  second.  With  the  same  rate  of 
acceleration  through  five  million  years  the  velocity  would  amount  to 
21'*i  kms.  per  second,  if  the  bo<iy  started  from  rest  at  our  spherical 
surface;  and  the  .space  moved  through  in  five  million  years  would  be 
■17 .  10"  kiQs.,  which  is  only  '055  of  r  (.5).  This  is  so  small  that  the 
force  would  vary  very  little,  unless  through  the  accident  of  near 
approach  to  some  other  body.  With  the  same  acceleration  constant 
through  twenty-five  million  veal's  the  velo<nty  would  amount  to  108 
kms.  per  second;  but  the  spa<-e  moved  through  in  twenty-five  million 
years  would  be  4-25 .  10'*  kms. ,  or  more  than  the  radius  r,  which  Nhdws 
that  the  rate  of  acceleration  could  not  be  approximately  constant  for 
nearly  as  long  a  time  as  twenty -five  million  years.     It  would,  in  fact, 
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have  many  chancei^  of  being  much  greater  than  lOH  kms.  \ter  second, 
and  many  chances  also  of  being  consideralily  lesw. 

Sec.  15,  Without  attempting  to  solve  the  problem  of  tinding  the 
motions  and  velocities  of  the  1,000,000,000  bodiea,  wc  can  wee  that  if 
they  had  been  given  at  rest'  twenty-five  million  yearw  ago  distributed 
uniformly  or  nonuniformly  through  our  sphere  (5)  of  309.  10'*  kras. 
radius,  a  very  large  pi-oportion  of  them  would  now  have  velocities  not 
less  than  20  or  30  kms.  per  second,  while  many  would  have  velocities 
less  than  that;  and  certainly  some  would  have  velocities  greater  than 
108  kms,  per  second;  or  if  thousands  of  millions  of  years  ago  they 
had  been  given  at  rest,  at  distances  from  one  another  very  gi-eat  in 
comparison  with  r  (5),  so  distributed  that  they  should  temporarily 
now  be  eqjably  spaced  throughout  a  spherical  surface  of  radius  r  (5), 
their  mean  velocity  (reckoned  as  the  square  root  of  the  mean  of  the 
squares  of  their  actual  velocities),  would  now  be50"4kms.  per  second. '' 
This  is  no*,  very  unlike  what  we  know  of  the  stars  visible  to  us. 
Thus  it  is  quite  possible,  perhaps  probable,  that  there  may  be  as  much 
matter  as  a  thousand  million  suns  within  the  distance  corresponding 
to  parallax  one  one- thousandth  of  a  second  (3*09 .  10"  kms.).  But  it 
seems  perfectly  certain  that  there  can  not  be  within  this  distance  as 
much  matter  as  10,000, 0<X),000  suns;  because  if  there  were  we  .should 
find  much  greater  velocities  of  visible  stars  than  observation  shows, 
according  to  the  following  tables  of  results  and  statements  from  the 
most  recent  scientific  authorities  on  the  subject. 


'"The  potential  energy  of  gravitation  may  be  in  reality  the  ultimat«  created 
antecedent  of  all  the  motion,  heat,  and  light  at  present  in  the  universe."  See 
Mechanical  An>.ecedantB  of  Motion,  Heat,  and  Light  ArL  LXIX  of  my  Collected 
Mathematiiai'  and  Physical  Papers,  Vol.  II. 

'■To  prove  thii>,  remark  that  the  exhaustion  of  gravitational  energy 

I  I  R'dx  dy  dz,  Thomson  and  Tait'e  Natoral  Philosophy,  Part 
-»  .1  -«  J  ->= 
II,  section  549)  when  &  voHt  number,  N,  of  equal  ma«se8  come  from  rest  at  infinite 
distances  from  onu  another  to  an  equably  spaced  distribution  through  a  »i|ihere  of 
radius  r  is  easily  found  to  be  3/10  Fr,  where  F  denotes  the  resultant  force  of  the 
attraction  of  all  of  them  on  a  material  point,  of  mass  equal  to  the  sum  of  their 
masaes,  placed  at  the  spherical  surface.  Now,  this  exhaustion  of  gravitational  energy 
is  spent  wholly  in  the  generation  of  kinetic  energy;  and  therefore  we  have 

2^-m"=  ^,  Fr,  and  by  (7)  F=l-37  .  10-"Sm;  whence 

^^=^  1-37.  10-".r 
which,  for  the  case  of  equal  maiwps,  fLWi^,  with  (5)  for  the  value  of  t, 
1^^^=^  (J  1'37 .  10-".  3-09 .  10i')=50.4  kms.  per  second. 
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Mottma  •>/  Man  in  the  line  0/  tight  deUrmined  at  Pottdam  Obeerralory,  IS8$-I89I 
(Commualcated  by  ProleawiT  Beckor.  ITnivenlty  ObiicrvMlory,  Olftagow.j 
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The  velocity  of  the  sun  relatively  to  stars  in  general  according 
to  Kempf  and  Risteen  is  probably  about  19  kms.  per  second.  In 
respect  to  greatest  proper  motions  and  velocities,  Sir  Norman  Lockyer 
gives  me  the  following  information: 

"The  star  with  the  greatest  known  proper  motion  (across  the  line 
of  sight)  is  243  Cordoba=8".7  per  annum.  Velocity  in  kilometci's 
not  known. 

"1830  Groombrtdge  has  a  proper  motion  of  7".0  per  annum  and  a 
parallax  of  0".yK9.  from  which  it  results  that  the  velocity  rctosh  the 
line  of  .sight  i-s  370  kms.  per  second.  Various  estimates  of  tne  parallax, 
however,  have  been  made,  and  this  velocity  is  somewhat  uncertain. 
The  star  with  the  greatest  known  velocity  in  the  line  of  sight  is  C 
HercL'lis,  which  travels  at  70  kms.  per  .•second. 

"The  dark  line  component  of  Nova  Persei  was  approaching  the  earth 
with  a  velocity  of  over  1,100  km.s.  per  second." 

This  last-mentioned  and  greatest  velocity  is  probably  that  of  a  torrent 
of  gas  due  to  comparatively  small  particles  of  melted  and  evaporating 
fragments  .■shot  out  laterally  from  two  great  solid  or  liquid  masses  collid- 
ing with  one  another,  which  may  be  many  timos  greater  than  the  velocity 
of  either  before  collision;  just  as  we  see  in  the  trajectories  of  small  frag- 
ments -shot  out  nearly  horizontally  when  a  condemned  mass  of  cast  iron 
is  broken  up  by  a  heavy  nia-s  of  iron  falling  upon  it  from  a  height  of 
perhaps  20  feet  in  engineering  works. 

tJEC.  16.  Newcomb  has  given  a  most  interesting  speculation  regard- 
SM  1901 15 
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ing  tbc  very  great  velocity  of  1830  (iiroombridgc,  which  he  concludes 
as  follows: 

"If,  then,  the  star  in  question  bclongM  to  our  Ntellar  sj-stem,  the 
mufises  or  extent  of  that  system  must  Ik>  maiiv  times  greater  than 
telc.s(;opic  ol>scrvation  and  astronomk-al  I'esearch  induatc.  We  may 
plat^e  the  dilemma  in  a  concise  form,  08  follows: 

"Either  the  bodies  which  compose  our  universe  are  vastly  more 
massive  and  numerous  than  telescopic  examination  set'ins  to  indicate, 
or  18;i0  {ii*oombridj?e  is  a  runaway  star,  flyine  on  a  iKmndless  counie 
through  infinite  space  with  such  momentum  that  the  attraction  of  all 
the  bodies  of  the  universe  can  never  stop  it. 

"Which  of  these  is  the  more  probable  alternative  we  can  not  pre- 
tend to  say.  That  the  star  can  ncitner  be  stopped,  nor  bent  far  from  its 
course  until  it  has  passed  the  extreme  limit  to  which  the  telescope  has 
over  penetrated,  we  may  consider  reasonably  certain.  To  do  this  will 
require  two  or  three  millions  of  j'eara.  Whether  it  will  then  be  acted 
on  bv  attractive  forecs  of  which  science  has  no  knowledge,  and  thus 
earned  back  to  where  it  started,  or  whether  it  will  continue  straight- 
forward forever.  It  is  impossible  to  say. 

"  Much  the  same  dilemma  may  be  applied  to  the  past  historj'  of  thia 
Imdy.  If  the  velocity  of  2(H)  miles  or  more  per  second  with  which  it 
is  moving  exceeds  any  that  could  be  produced  liy  the  attraction  of  all 
the  other  IxMlies  in  the  universe,  then  it  must  have  lH>en  fij'ing  forward 
through  space  from  the  beginning,  and  having  come  from  an  infinite 
distance,  must  be  now  passing  tni'ough  our  system  for  the  first  and 
only  time." 

Sec.  17.  In  all  these  views  the  chance  of  passing  another  star  at 
some  small  distance  such  as  one  or  two  or  three  times  the  sun's  radius 
has  l>cen  overlooked;  and  that  this  chance  is  not  excessively  rare  seems 
proved  by  the  multitude  of  Novas  (collisions  jind  thciisoiiuels)  known 
in  astronomi<;al  history.  Suppose,  for  example,  ISHO  (rroombridge, 
moving  at  370  kms.  per  second,  to  chase  a  star  of  twenty  times  the 
sun's  mass,  moving  nearly  in  the  same  direction  with  a  velocity  of  50 
kms.  per  second,  and  to  overtake  it  and  pass  it  as  nearly  as  may  be 
without  collision.  Its  own  direction  would  be  nearly  reversed  and  its 
velocity  would  be  diniinishcd  by  nearly  100  kms.  ]>cr  second.  By  two 
or  three  such  casualties  the  greater  part  of  its  kinetic  enoi^y  might 
l)e  given  to  much  largei'  bodies  previously  moving  with  velocities  of 
less  than  H'l)  kms.  per  second.  By  supposing  reversed,  the  motions 
of  this  ideal  history,  we  see  that  1S30  Uroonibrldge  may  have  had  a 
velocity  of  le-^s  than  100  kms.  per  second  at  some  remote  past  time, 
and  may  have  had  Its  present  great  velocity  produced  by  several  cases 
of  near  approach  to  other  bodies  of  much  lai^er  mass  than  it-s  own, 
previously  moving  in  directions  nearly  opposite  to  its  own,  and  with 
velocities  of  less  than  100  kms,  per  second.  Still  it  seems  to  me  quite 
possible  that  Newcomb's  brilliant  suggestion  may  be  true,  and  that 
1S3M  Groombridge  is  a  roving  star  which  has  entered  our  galaxy,  and 
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is  destined  to  travel  tbrougb  it  in  the  course  of  perhaps  two  or  three 
million  years  and  to  pass  away  into  space  never  to  return  to  us. 

Sec.  18.  Many  of  our  supposed  1,000,000,000  stars,  perhaps  a  great 
majority  of  them,  may  be  dark  bodies;  but  let  us  suppose  for  a 
moment  each  of  them  to  be  bright,  and  of  the  same  size  and  bright- 
ness as  our  stin;  and  on  this  supposition  and  on  the  further  suppasi- 
tions  that  they  are  uniformly  sutttered  through  a  sphere  (5)  of  radius 
3*0!) .  10"  kms.,  and  that  there  are  no  stars  outside  this  sphere,  let  us 
find  what  the  total  amount  of  starlight  would  bo  in  c-omparison  with 
sunlight.  Let  n  be  the  number  per  unit  of  volume  of  an  assemblage 
of  globes  of  radius  a  scattered  uniformly  through  a  vast  space.  The 
number  in  a  shell  of  radius  i/  and  thickness  d*/  will  be  nAnifdq,  and 
the  sum  of  their  apparent  areas  as  seen  from  the  center  will  be 

— t-  «  ,  intfdg  or  n .  in*t^dq. 

Hence,  by  integrating  from  y=0  to  y=r,  we  find 

n .  iTiWr (8). 

for  the  sum  of  their  apparent  areas.     Now  if  N  be  the  total  number 
in  the  sphere  of  radius  r  we  have 

«=N;(^r-) (9). 

Hence  (8)  becomes  N  .  3»f  -  j  ;  and  if  we  denote  by  a  the  mtio  of 

the  sum  of  the  apparent  areas  of  all  the  globes  to  in  we  have 


.  3N, 


w- 


(10). 


(1— a)  a,  very  approximately  equal  to  lia,  is  the  ratio  of  the  apparent 
area  not  occupied  by  stars  to  the  sum  of  the  apparent  ai-eas  of  all  their 
disks.  Hence  alpha  is  the  ratio  of  the  apparent  brightness  of  our  star- 
lit sky  to  the  brightness  of  our  sun^s  disk.  Cases  of  two  stai-s  eclips- 
ing one  another  wholly  or  partially  would,  with  our  supposed  values 
of  *■  and  a,  be  so  extremely  rare  that  they  would  cause  a  merely  negli- 
gible deduction  from  the  total  of  (10),  even  if  calculatetl  according  to 
pure  geometrical  optics.  This  negligible  deduction  would  be  almost 
wholly  annulled  by  diffraction,  which  makes  the  total  light  from  two 
stars,  of  which  one  is  eclipsed  by  the  other,  very  nearly  the  same  as 
if  the  distant  one  were  seen  clear  of  the  nearer. 

Sec.  19.  Accordingto  oursupposition  of  section  18  wehavcN  =  10', 
a=7.10*  kms.,  and  therefore  r!a=4-*.10"'.     Hence  by  (10) 

tt=3-87.10-" (11). 
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This  exceedingly  small  ratio  will  help  us  to  te.'-t  an  old  and  celebrated 
hypothesis  that  if  we  oould  see  far  enough  into  space  the  whole  sky 
would  be  seen  m-cupiod  with  disks  of  stars,  all  of  perhaps  the  same 
brightness  as  our  own  sun,  and  that  the  reason  why  the  whole  of  the 
night  sky  and  day  sky  is  not  as  bright  as  the  sun's  disk  is  that  light 
suffers  absorption  in  traveling  through  space.  Remark  that  if  we  vary 
r,  keeping  the  density  of  the  matter  the  same,  N  varies  as  the  cube 
of  r.  Hence  by  (10)  a  varies  simply  as  r;  and  therefore  to  make  a 
even  as  great  as  3'87  100,  or,  say,  the  sum  of  the  apparent  areas  of 
disks  4  per  cent  of  the  whole  sky,  the  radius  must  be  10".r,  or 
3-09.10*'  kms.  Now,  light  travels  at  the  rate  of  300,(KK)  kms.  per 
second,  or  9*i5.10"  kms.  per  year.  Hence  it  would  take  3'a7.1lV*,  or 
about  3i.iy",  years  to  travel  from  the  outlying  suns  of  our  great 
sphere  to  the  center.  Now  we  have  irrefragable  dynamics  proving 
that  the  whole  life  of  our  sun  tn  a  luminary  is  a  very  moderate  num- 
l>or  of  million  years,  pi-olmbly  less  than  fifty  million,  possibly  between 
fifty  and  one  hundred.  To  be  very  li)>eral,  let  us  give  each  of  our 
stars  a  life  of  a  hundfed  million  yeai's  a-s  a  luminary'.  Thus  the  time 
taken  by  light  to  travel  from  the  outlying  stars  of  our  sphere  to  the 
center  would  )>e  about  three  and  a  quarter  million  times  the  life  of  a 
star.  HentMi  if  all  the  stars  through  our  Tu.'^t  >'phcre  commenced 
shining  tit  the  same  time,  throe  and  a  quarter  million  times  the  life  of 
a  Mtar  would  |>ass  lH>fore  the  commencement  of  light  reaching  the 
earth  from  the  outlying  stars,  and  at  no  one  instant  would  light  be 
reaching  the  earth  fr<)m  more  than  iin  exiessivoly  small  proportion  of 
all  the  still's.  To  make  the  whole  sky  aglow  with  the  light  of  all  the 
sttii*H  at  the  same  time  the  commencements  of  the  different  stars  must 
Ih)  timed  earlier  and  earlier  for  the  more  and  more  distant  ones,  ao 
that  the  time  of  the  arrival  of  the  light  of  every  one  of  them  at  the 
earth  may  fall  within  the  dumtions  of  ttie  light-s  at  the  earth  of  all 
the  others]  Our  HUp|ii>sition  of  uniform  density  of  distribution  is,  of 
CfMii'se,  quite  iirliitrary,  and  (sections  13,  l.'i,  aWve)  we  ought  in  the 
greater  spheni  to  assuuwv  the  density  much  smaller  than  in  the  smaller 
s)>liere  (5);  and,  in  fact,  it  seems  that  then-  is  no  possibility  of  having 
enougli  iif  stars  (bright  ()r  dark)  tt)  make  a  total  of  star-disk  area 
iiu>re  than  lu  "  or  In   "  of  the  whole  sky. 

Skc.  -20,  To  un<lerstnnd  the  s|mrsene^-s  of  our  ideal  distribution  of 
l,IHH),{MH),iHH)suns  diviile  the  total  volume  of  the  supjxtsed  .sphere  of 
radius  r  (5)  by  lii".  and  we  tiiid  l-J^tTi,  Hi"  eu.  kms.  as  the  volume  per 
sun.  Taking  the  ettlie  riKit  of  this,  wo  Hixl  4'!tS.  ID"  kms.  as  the  edge 
of  the  eorres)H>n(ling  cuIh',  lletiee  if  Hie  stars  were  arranged  exactly 
in  eiibic  order,  with  nur  huii  at  oiu'  of  tlie  eiglit  corners  t>eUinging  to 
eight  neighlmriiig  culies,  his  six  nearest  neighlioi's  would  lie  each  at 
distance  4-y«.l0"  kms..  which  is  the  distatn'e  corn-siionding  to  paral- 
lax 0"'6a.     Our  sun,  seen  at  so  grent  a  distuiu'e,  would  probably  be 
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Been  as  a  star  of  Bomething  between  the  first  and  second  magnitude. 
For  a  moment  suppose  each  of  our  1,000,000,000  suns,  while  of  the 
same  mass  as  our  own  sun,  to  have  just  such  brightness  as  to  make  it 
a  star  of  the  fii-st  magnitude  at  distance  corresponding  to  parallax 
1"'0.  The  brightness  at  distance  r  (5)  corresponding  to  parallax 
0"-001  would  be  one  one-millionth  of  this,  and  the  most  distant  of  our 
a.ssumed  stars  would  be  visible  tbmugh  powerful  telescopes  as  stars  of 
the  sixteenth  magnitude.  Newconib  (Popular  Astronomy,  1883.  p. 
424)  estimated  between  30,000,000  and  50,IM>0,()00  a«  the  number  of 
stars  visible  in  modern  telescopes.  Young  (General  Astronomy,  p. 
448)  goes  beyond  this  reckoning  and  estimates  at  100,000,000  the  total 
number  of  stars  visible  through  tho  Lick  telescope.  This  is  only  the 
t«Dth  of  our  assumed  number.  It  is  nevertheless  probable  enough 
that  there  may  be  as  many  as  1,000,000,000  stars  within  the  distance  r 
(5),  but  many  of  them  may  Ixs  extinct  and  dark,  and  nine-tenths  of 
them,  though  not  all  dark,  may  be  not  bright  enough  to  be  seen  by  us 
at  their  actual  distances. 

Sec.  21.  I  need  scan-ply  repeat  that  our  assumption  of  equable  dis- 
tribution is  perfectly  arl>itrary.  How  far  from  being  like  the  truth  is 
illustrated  by  Herschel's  view  of  the  form  of  the  universe  as  shown  in 
Newcomb's  Popular  Astronomy,  page  4fi9.  It  is  quite  certain  that  the 
real  visible  stars  within  the  distance  r  (5)  from  us  are  very  much  more 
crowded  in  some  parts  of  the  whole  sphere  than  in  others.  It  is  also 
certain  that  instead  of  being  all  equally  luminous,  as  we  have  taken 
them,  they  diBer  largely  in  this  respect  from  one  another.  It  is  also 
certain  that  the  mas.-4es  of  some  are  much  greater  than  the  masses  of 
others,  as  will  l>e  seen  fi-om  the  following  table,  which  has  been  com- 
piled for  me  by  Professor  Becker  from  Andre's  Tmit^  d'Astronomie 
Stellaire,  showing  the  sums  of  the  masses  of  the  components  of  some 
double  stars,  and  the  data  from  which  these  have  been  determined. 
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Sec.  2'2.  There  may  ali»o  be  a  large  amount  of  matter  in  many  stars 
outside  the  sphere  of  3.10"  kilometers  radius,  but  however  much  mat- 
ter there  may  be  outside  it,  it  seems  to  be  made  highly  probable  by 
sei-tions  11-21  that  the  total  quantity  of  matter  within  it  is  greater 
than  liW,00(»,000  times  and  less  than  2,000.00(1,000  times  the  sun's 

I  wish,  in  conclusion,  to  express  my  thanks  to  Sir  Norman  Lockyer, 
to  the  Astronomer  Royal,  Mr.  Christie,  to  Sir  Robert  Ball,  and  to  Pro- 
fessor Becker  for  their  kindness  in  taking  much  trouble  to  give  me 
information  in  respect  to  astronomical  data,  which  has  proved  most 
useful  to  me  in  sections  11-21,  above. 
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By  Prof.  J.  J.  Thomson, 
Cambriilge  Univermly. 


The  masses  of  tlie  ntoniH  of  the  variouM  gasea  were  first  investigntrd 
about  thirty  yeurs  ago  by  methods  due  to  Loschmidt,  Johnstone, 
Stonej,  and  Lord  Kolviii.  These  physicists,  using  the  principles  of 
the  kinetic  theory  of  ga.ses  and  making  eertain  ast^umptionH,  which  it 
must  be  admitted  are  not  entirely  satiafactory,  as  to  the  shape  of  the 
atom,  determined  the  muss  of  an  atom  of  a  gas;  and  when  once  the 
mass  of  an  atom  of  one  Huh-stance  is  known  the  masses  of  the  atoms  of 
all  other  substances  are  easily  deduced  by  well-known  chemical  c<in- 
Hiderations.  The  results  of  these  investigations  might  l>c  tliought  not 
to  leave  much  room  for  the  existence  of  anything  smaller  than  ordinal'}' 
atoms,  for  they  showed  that  in  a  cubic  centimeter  of  gas  at  atmospheric 
pressure  and  at  0°  C.  there  are  atxiut  2(1  million,  million,  million 
(2  X  10'*)  molecules  of  gas. 

Though  some  of  the  arguments  used  to  get  this  result  arc  o^k'h  to 
question,  the  result  itself  has  been  confirmed  by  considerations  of 
quite  a  different  kind.  Thus,  Lord  Rayleigh  has  shown  that  this  num- 
ber of  molecules  per  cubic  centimeter  gives  alwut  the  right  value  fur 
the  optical  opacity  of  the  air,  while  a  method,  which  I  will  now 
describe,  by  which  we  can  directly  measure  the  numljer  of  molecules 
in  a  gas,  leads  to  a  result  almost  identical  with  that  of  Los<-hmidt. 
This  method  is  f<mnded  on  Faraday's  laws  of  electrolysis.  \V<^  deduce 
from  these  kws  that  the  current  through  nn  electrolyte  is  carried  by 
the  atoms  of  the  electrolyte,  and  that  all  these  atoms  carry  the  stimc 
charge,  so  that  the  weight  of  the  atoms  required  to  c^rry  a  given 
quantity  of  electricity  is  proportional  to  the  quantity  carried.  Wo 
know,  too,  by  the  results  of  experiments  on  electrolysis,  that  to  carry 
the  unit  charge  of  electricity  requires  a  collection  of  atoms  of  hydro- 
gen which  together  weigh  alwut  one-tenth  of  a  milligram;  hence,  if 
we  can  measure  the  chaise  of  electricity  on  an  atom  of  hydrogen  we 
see  that  one-tenth  of  this  charge  will  be  the  weight  in  milligrams  of 

■Keprintixl,  l>y  permiasiun,  from  Popular  Scienoe  Monthly,  Auguxt,  1901. 
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the  atom  of  hydrogen.  This  result  is  for  the  case  when  electricity 
passes  through  a  liquid  electrolyte.  I  will  now  explain  how  we  can 
measure  the  mass  of  the  tarriers  of  electricity  required  to  convey  a 
given  chaise  of  electricity  through  a  rarefied  gas.  In  thin  case  the 
direct  methods  which  are  applicable  to  liquid  ele<-trolytes  can  not  be 
used;  but  there  are  other,  if  more  indirect,  methods  by  which  we  can 
solve  the  problem.  The  first  case  of  conduction  of  electricity  through 
gases  we  shall  consider  is  that  of  the  so-called  cathode  rays,  those 
streamers  from  the  negative  electrode  in  a  vacuum  tiilx'  which  pro- 
duce the  well-known  green  phosphorescence  on  the  glass  of  the  tube. 
These  rays  are  now  known  to  consist  of  negatively  electrified  particles 
moving  with  great  rapidity.  Ix-t  us  see  how  we  can  determine  the 
electric  charge  carried  by  a  given  mass  of  these  particles.  We  can  do 
this  by  measuring  the  effect  of  ele<>tric  and  magnetic  fon-es  on  the  par- 
ticles. If  these  are  charged  with  electricity  they  ought  to  }>e  deflected 
when  they  are  a«'tcd  on  by  an  electric  force.  It  was  some  time,  how- 
ever, l»efoi'e  such  a  deflection  wa.s  observed,  and  many  attempts  to 
obtain  this  deflet^tion  were  unsuccessful.  The  want  of  success  was  due 
to  the  fact  that  the  rapidly  moving  electrifii'd  particles  which  constitute 
the  cathode  rays  make  the  gas  through. which  they  pass  a  conductor 
of  electricity;  the  particles  are  thus,  as  it  were,  moving  inside  conduct- 
ing tubes  which  screen  them  off  from  an  external  electric  field;  by 
reducing  the  pressure  of  the  gas  inside  the  tul>e  to  such  an  extent  that 
there  was  very  little  gas  left  to  conduct,  I  was  able  to  get  rid  of  this 
screening  effect  and  obtain  the  defle<^tion  of  the  rays  by  an  electrostatic 
field.  The  cathode  rays  are  also  deflected  by  n  magnet.  The  force 
exerted  on  them  by  the  magnetic  field  is  at  right  angles  to  the  magnetic 
force;  at  right  angles  also  to  the  veloiMty  of  the  particle  and  equal  to 
Ifer  sin  ff,  where  //"is  the  magnetic  force,  e  the  charge  on  the  particle, 
and  fl  the  angle  lietween  //and  r.  Sir  Georg?  Stokes  showed  long 
ago  that  if  the  magnetic  force  was  at  right  angles  to  the  velocity  of 
the  particle  tlie  latter  would  describe  a  circle  whose  i-adius  is  tui'  'II 
(if  m  is  the  mass  of  the  particle);  we  can  measure  the  radius  of  this 
circle  and  thus  find  m've.  To  find  v  let  an  electric  force  /"^  and  a 
mt^nctic  force  //  act  simultftneou.sly  on  the  jjarticle.  the  electric  and 
magnetic  forces  being  both  at  right  anglers  to  the  [«ith  of  the  particle 
and  also  at  right  angles  to  each  other.  Let  us  adjust  these  forces  so 
that  the  effect  of  the  electric  force  which  is  equal  to  Fi^  just  balances 
that  of  the  magnetics  force  which  is  equal  to  llti^;  when  this  is  the  ca>*e 
Fi'—-IIevo'ev=FII.  We  can  thus  find  v,  and  knowing  from  the  pre- 
vious experiment  the  value  of  mri n,  we  deduce  the  value  uf  m  c  The 
value  of  me  found  in  this  way  was  about  10"';  and  other  methods 
used  by  Wiechert,  Kaufmann,  and  Lenard  have  given  results  not  greatly 
different.  Since  Wi?=10~',  we  see  that  to  carry  unit  charge  of  elec- 
tricity by  the  particles  forming  the  cathode  rays  only  requires  a  mass 
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of  these  particles  amounting' to  one  ten-thousaiidtb  of  a  milli^i'am,  while 
to  carry  the  nanm  charge  by  hydrogen  atoms  would  require  a  mass  of 
one-t«nth  of  a  milligram.* 

Thus  to  carry  a  given  chaise  of  electricity  by  hydrogen  atoms  re- 
quires a  mass  a  thoiiaand  times  greater  than  to  carrj'  it  by  the  nega- 
tively electrified  particles  which  constitute  the  cathode  rays,  and  it 
is  very  significant  that,  while  the  mass  of  atoms  required  to  carry  a 
given  charge  through  a  liquid  electrolyte,  depends  upon  the  kind  of 
atom,  being,  for  example,  eight  times  greater  for  oxygen  than  for 
hydrogen  atoms,  the  mass  of  cathode  ray  particles  re(|uired  to  carry  a 
given  chaise  is  quite  inde])eudent  of  the  gas  through  which  the  rays 
travel  and  of  the  nature  of  the  electrode  from  which  they  start. 

The  exceedingly  small  mass  of  these  particles  for  a  given  charge 
coniparetl  with  that  of  the  hydrogen  atoms  might  Iw  due  either  to  the 
mass  of  each  of  those  particles  Iwing  very  small  eompai-ed  with  that  of 
a  hydrogen  atom  or  else  to  the  charge  <-arried  by  each  particle  l>eing 
large  compared  with  that  carried  by  the  atom  of  hydrogen.  It  is  there- 
fore essential  that  we  should  determine  the  electric  charge  carried  by 
one  of  these  particles.  The  problem  is  as  follow«:  Suppose  in  an  in- 
closed space  we  have  a  number  of  electrified  particles  each  carrying 
the  same  charge,  it  is  required  to  find  the  charge  on  each  particle.  It  is 
easy  by  electrical  methods  to  determine  the  total  quantity  of  electricity 
on  the  collection  of  particles,  and  knowing  this  we  can  find  the  charge 
on  each  particle  if  we  can  <'ount  the  number  of  particles.  To  count 
these  particle>i  the  first  step  is  to  make  them  visible.  We  can  do  this 
by  availing  ourselves  of  a  dis<'overy  made  l)y  C  T.  R.  Wilson,  working 
in  the  Cavendish  Ijalioratory.  Wilson  has  shown  that  when  jxtsitivcly 
and  negatively  electrified  particles  ai-e  present  in  moist  dust-free  air 
a  cloud  is  produced  when  the  air  is  closed  by  a  sudden  expansion, 
though  this  amount  of  expansion  would  Iw  quite  insufficient  to  produce 
condensation  when  no  electrified  particles  are  present:  the  water  con- 
denses round  the  electrified  particles,  and.  if  these  arc  not  t<io  numer- 
ous, each  particle  becomes  the  nudeiitf  of  a  little  drop  of  water.  Now 
Sir  George  Stokes  has  shown  how  we  can  calculate  the  rate  at  which  a 
drop  of  water  falls  through  air  if  we  know  the  size  of  the  drop,  and 
conversely  we  can  determine  the  size  of  the  drop  by  metusuring  the  rate 
at  which  it  falls  through  the  air;  hence  by  measuring  the  s|>iH>d  with 
which  the  cloud  falls  we  can  determine  the  volume  of  each  little  drop, 
the  whole  volume  of  water  deposited  by  (xx)ling  the  air  can  easily  be 

■Profeeeor  Schiuti;r  in  IHHU  wau  the  first  to  apply  the-  nit'thiMl  nt  the  magnetic 
deflection  of  t}ie<liH('h&i^  togct  a  tleUTininatioD  of  the  value  of  im,V.  Ile/oiind  rather 
widely  separate*)  liniitinK  values  for  thie  quantity,  and  i^ame  to  the  conclusion  that  it 
wan  of  the  same  order  as  in  electrolytic  solutions.  The  resuh  of  the  method  mentioned 
above,  an  welt  as  tho«e  uf  Wiwhert,  Kaufmann,  and  Lenanl,  make  it  verv  much 


234  BODIKB   SMALLER   THAN    ATOMS. 

calculated,  and  dividing  the  whole  volume  of  water  by  the  volume  of 
one  of  the  drops  we  get  the  number  of  drops,  and  hence  the  number 
of  the  electrified  particles.  We  saw,  however,  that  if  we  knew  the 
numlicr  of  partirleu  we  could  get  the  electric  charge  on  each  particle; 
proceeding  in  this  way  I  found  that  the  charge  c^irried  by  each  particle 
was  about  6.5  X  10"'*  electrostatic  unit*  of  electricity  or  2.17  X  10"" 
electro -magnetic  units.  According  to  the  kinetic  theory  of  gaaes 
there  are  2  X  10"  molecules  in  a  cubic  centimeter  of  gas  at  atmos- 
pheric pressure  and  at  the  temperature  0*^  C;  as  a  cubic  centimeter  of 
hydr<^en  weighs  about  1  11  of  a  milligram  each  molecule  of  hydrogen 
weighs  about  1  (22  X  10")  milligrams,  and  each  atom  therefore  about 
1/(44  X  10")  milligratan,  and  as  we  have  seen  that  in  the  electrolysis  of 
solutions  one-tenth  of  a  milligram  carrier*  unit  charge,  the  atom  of 
hydrogen  will  carry  a  charge  equal  to  10  (44X  10")  =  2.27  X  HT" 
electro- magnetic  units.  The  charge  on  the  particles  in  a  gas  we  have 
seen  i.s  e(|ual  to  '2.17  X  10^"  units;  these  numbers  are  so  nearly  equal 
that,  considering  the  difficulties  of  the  experiments,  we  may  feel  sure 
that  the  charge  on  one  of  these  gaseous  particles  is  the  same  aa  tliat  on 
an  atom  of  hydrogen  in  electrolysis.  This  result  has  been  verified  in 
a  different  way  by  Pi-ofessor  Townsend,  who  used  a  method  by  which 
he  found,  not  the  absolute  value  of  the  electric  charge  on  a  particle, 
but  the  ratio  of  this  chai^  to  the  charge  on  an  atom  of  hydrogen,  and 
he  found  that  the  two  charges  were  equal. 

As  tlie  <-harges  on  the  particle  and  the  hydrogen  atom  are  the  same, 
the  fact  that  the  mans  of  these  particles  required  to  carry  a  given 
charge  of  electricity  is  only  one-thousandth  part  of  the  mass  of  the 
hj'drogen  atoms  shows  that  the  matm  of  each  of  these  particles  is  only 
about  one  one-thousandth  of  that  of  a  hydrogen  atom.  These  particles 
occurred  in  the  cathode  rays  inside  a  discharge  tube,  so  that  we  have 
obtained  from  the  matter  inside  such  a  tube  particles  having  a  much 
smaller  mass  than  that  of  the  atom  of  hydrogen,  the  smallest  mass 
hithei-to  recognized.  These  negatively  electrified  particles,  which  I 
have  called  corpuscles,  have  the  same  electric  charge  and  the  same 
mass  whate\'er  be  the  nature  of  the  gas  inside  the  tube  or  whatever 
the  nature  of  the  ele<rtrodes;  the  charge  and  mass  are  invariable. 
They  therefore  form  an  invariable  constituent  of  the  atoms  or  mole- 
cules of  all  gases  and  presumably  of  all  liquids  and  solid-^. 

Nor  are  the  corpuscles  confined  to  the  somewhat  inaccessible  regions 
in  which  cathodic  i-ays  are  found.  I  have  found  that  thej'  are  given 
off  by  incandescent  metals,  by  metals  when  illuminated  by  ultra-violet 
light,  while  the  roseurches  of  Itecquerel  and  Professor  and  Madame 
Curie  have  shown  that  they  are  given  off  by  that  wonderful  substance 
the  radio-active  radium. 

In  fact,  in  every  case  in  which  the  transport  of  negative  electricity 
through  gas  at  a  low  pressure  (i.  e.,  when  the  corpuscles  have  nothinff 
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to  atick  to)  has  been  examined,  it  has  been  found  that  the  i-arrierH  of 
tbe  negative  elcctrUrity  are  these  corpuscles  of  invariable  masti. 

A  very  different  state  of  things  holds  for  the  positive  electricity. 
The  masses  of  the  carriers  of  positive  electricity  have  been  determined 
for  the  positive  electrification  in  vacuum  tubes  by  Wien  and  by  Ewers, 
while  I  have  measured  the  same  thing  for  the  positive  elcctnlication 
produced  in  a  gas  by  an  incandescent  wire.  The  results  of  these 
experiments  show  a  remarkable  difference  between  the  property  of 
positive  and  negative  electrification,  for  the  positive  electricity,  instead 
of  being  associated  with  a  constant  mass  one  one-thousandth  of  that  of 
the  hydrogen  atom,  is  found  to  be  always  connected  with  amass  which 
is  of  the  same  order  as  that  of  an  ordinary  molecule,  and  which  more- 
over varies  with  the  nature  of  the  gas  in  which  the  olectritication  is 
found. 

These  two  result— the  invariability  and  smallness  of  the  mass  of  the 
carriei-9  of  negative  electricity  and  the  variability  and  comparatively 
large  mass  of  the  carriers  of  positive  electricity — seem  to  nie  to  point 
unmistakably  to  a  very  definite  conception  as  to  the  nature  of  electric- 
ity. Do  they  not  obviously  suggest  that  negative  electricity  consbts 
of  these  corpuscles,  or,  to  put  it  the  other  way,  that  these  corpuscles 
are  n^ativc  electricity,  and  that  positive  electrification  consists  in  the 
absence  of  these  corpuscles  from  ordinary  atoms!  Thus,  this  )x>int  of 
view  approximates  very  closely  to  the  old  one-fluid  theory  of  Franklin. 
On  that  theory  electricity  was  regarded  as  a  fluid,  and  changes  in  the 
state  of  electrification  were  regarded  as  due  to  the  transport  of  this 
fluid  from  one  place  to  another.  If  we  regaitl  Franklin^s  electric  fluid 
as  a  collection  of  negatively  electrified  corpuscles,  the  old  one-fluid 
theory  will,  in  many  respects,  express  the  results  of  the  new.  We 
have  seen  that  we  know  a  good  deal  about  the  "electric  fluid;"  we 
know  that  it  is  molecular  or  rather  corpuscular  in  character;  we  know 
the  mass  of  each  of  these  corpuscles  and  the  chaise  of  electricity  car- 
ried by  it.  We  have  seen,  too,  that  the  velocity  with  which  the  cor- 
puscles move  can  be  determined  without  difficulty.  In  fact,  the 
electric  fluid  is  much  more  amenable  to  experiment  than  an  ordinary 
gas,  and  the  details  of  its  structure  arc  more  easily  determined. 

Negative  electricity  (i.  e,,  the  electric  fluid)  ha«  mass.  A  lK>dy 
n^atively  electrified  has  a  greater  mass  than  the  same  body  in  the 
neutral  state.  Positive  electrification,  on  the  other  hand,  since  it 
involves  the  absence  of  corpuscles,  is  accompanied  by  a  diminution  in 
mass. 

An  interesting  question  arises  as  to  the  nature  of  the  mass  of  these 
corpuscles  which  we  may  iilustrato  in  the  following  way.  When  a 
charged  corpuscle  is  moving,  it  produces  in  the  region  around  it  a 
m^netic  field  whose  strength  is  proportional  to  the  velocity  of  tbe 
coi-puscle;  now,  in  a  magnetic  field  there  is  an  amount  of  energy  pi-o- 
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portional  to  the  squarn  of  the  strength,  and  thus,  in  this  case,  propor- 
tional to  the  wqiiarp  of  the  velocity  of  the  corpuscle. 

Thus,  if  n  is  the  plectric;  charge  on  the  corpuscle  and  v  its  velocity, 
there  will  be  in  the  region  round  the  corpuscle  an  amount  of  energy 
e«jual  to  i  /S  ^r'  where  /3  in  a  constant  which  depends  upon  the  shape 
and  size  of  the  corpuwrle.  Again,  if  m  is  the  mass  of  the  corpuscle  ita 
kinetic  energy  is  i  w",  and  thus  the  total  energy  due  to  the  moving 
electrified  corpuscle  is  i(/H+jff .-'))•',  so  that  for  the  same  velocity  it 
has  the  same  kinetic  energy  as  a  nonelcctritied  liody  whotw  mass  is 
gi-enter  than  that  of  the  electrified  l>ody  by  /St-*.  Thus,  a  (charged  body 
possesses  in  virtue  of  its  charge,  its  1  showed  twenty  years  ago,  an 
apparent  mass  apart  from  that  arising  from  the  ordinary  matter  in 
the  body.  Thus,  in  the  («3e  of  these  corpuscles,  part  of  their  mass  is 
undoul)tcdly  due  to  their  electrifitation,  and  the  question  arises  whether 
or  not  the  whole  of  their  mass  can  Iw  accounted  for  in  this  way.  I 
have  recently  made  some  experiments  which  were  intended  to  test  this 
point;  the  principle  underlying  these  experiments  was  as  follows:  If 
the  mass  of  the  corpuscle  is  the  ordinary  "mechanical"  mass,  then,  if 
a  rapidly  moving  corpuscle  is  brought  to  ri-st  by  colliding  with  a  solid 
obstat'le,  its  kinetic  enei^y  being  resident  in  the  corpuscle  will  be 
spent  in  heating  up  the  molecules  of  the  olwtacle  in  the  neighborhood 
of  the  place  of  collision,  and  we  should  expect  the  mechanical  equiva- 
lent of  the  heat  produced  in  the  obstacle  to  l>e  equal  to  the  kinetic 
energy  of  the  corpus<'le.  If,  on  the  other  hand,  the  mass  of  the  cor- 
pus<Oeis  "electrical,"  then  the  kinetic  energy  is  not  in  the  corpuscle 
itself,  but  in  the  medium  around  it,  and,  when  the  corpuscle  is  stopped, 
the  energy  tiuvels  outward  into  space  as  a  pulse  confined  to  a  thin  shell 
traveling  with  the  vehwity  of  light.  I  suggested  some  time  ago  that 
this  pulse  forms  tiie  liflntgen  rays  which  are  produced  when  the  cor- 
pusch'S  strike  against  an  obstacle.  On  this  view,  the  first  effect  of  the 
collision  is  to  produce  Rfintgcn  rays,  and  thus,  unless  the  obstacle 
against  which  the  corpuscle  strikes  absorbs  all  these  rays,  the  energy 
of  the  heat  develoj>ed  in  the  obstacle  will  lie  less  than  the  energy  of 
the  corpuscle.  Thus,  on  the  view  that  the  mass  of  the  corpuscle  is 
wholly  or  mainly  electricjil  in  its  origin,  we  should  expect  the  heating 
effect  to  be  smaller  when  the  corpusch-s  strike  against  a  tai^et  per- 
meable by  the  ROntgen  rays  gi^en  out  by  the  tube  in  which  the  cor- 
puscles are  produced  than  when  they  strike  agsvinst  a  target  opaque  to 
these  rays.  I  have  t^^sted  the  heating  effects  produced  in  permeable 
and  opaque  targets,  but  have  never  been  able  to  got  evidence  of  any 
considerable  difference  lietween  the  two  cases.  The  differences  actually 
observed  were  small  comimrod  with  the  total  effect  and  were  some- 
times in  one  direction  and  sometimes  in  the  opposite.  The  experi- 
ments, therefore,  tell  against  the  view  that  the  whole  of  the  mass  of  a 
corpwKle  is  due  to  its  electrical  charge.    The  idea  that  mass  in  gen- 
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eral  is  electrical  in  its  origin  la  a  fascinating  one,  although  it  has  not 
at  present  been  reconciled  with  the  results  of  exiwrience. 

The  smallnes^  of  these  p&rti<-los  marks  them  out  as  likely  to  afford 
a  very  valuable  means  for  investigating  the  dctjtils  of  molecular 
structure,  a  structure  so  fine  that  even  wa^'es  of  light  are  on  far  too 
large  a  scale  to  be  suitable  for  its  investigation,  as  a  single  wave 
length  extends  over  a  large  number  of  molecules.  This  anticipation 
has  been  fully-  realized  by  Lcnard's  experiuientj!  on  the  obstruction 
offered  to  the  passage  of  these  corpuscles  through  different  substances. 
Lenard  found  that  this  obstruction  depended  only  upon  the  density  of 
the  substance  and  not  uprm  its  <-heiiiicul  composition  or  ]>bysical  stafa^. 
He  found  that,  if  he  took  plates  of  different  substances  of  e<iual  areas 
and  of  such  thicknesses  that  the  masses  of  all  the  plates  were  the  same, 
then,  no  matter  what  the  plates  were  made  of,  whether  of  insulators 
or  conductors,  whether  of  gases,  li<{uids,  or  solids,  the  resistance  they 
offered  to  the  passage  of  the  corpuscles  through  them  was  the  same. 
Now,  this  is  exactly  what  would  happen  if  the  atom  of  the  chemical 
elements  were  aggregations  of  a  large  number  of  equal  particles  of 
'  equal  mass;  the  mass  of  an  atom  being  proportional  to  the  numl>er 
of  these  particles  contained  in  it  and  the  atom  )>cing  a  collection  of 
such  particles  through  the  interstices  between  which  the  coi-puscle 
might  find  its  way.  Thus,  a  collision  between  a  corpuscle  and  an  atom 
would  not  be  so  much  a  collision  between  the  coi-puscle  and  tlie  atom 
as  a  whole,  as  between  a  corpuscle  and  the  individual  particles  of 
which  the  atom  consists;  and  the  number  of  collisions  the  corpuscle 
would  make,  and  therefore  the  resistance  it  would  exjierience,  would 
be  the  same  if  the  number  of  particles  in  ynit  volume  were  the  same, 
whatever  the  nature  of  the  atoms  might  be  into  which  these  particles 
are  aggregated.  The  number  of  particles  in  unit  volume  is,  however, 
fixed  by  the  density  of  the  substance,  and  thus  on  this  view  the  density 
and  the  density  alone  should  fix  the  resistance  offered  by  the  sub- 
stance to  the  motion  of  a  corpuscle  through  it;  this,  however,  is  pre- 
cisely Lenard's  result,  which  is  thus  a  strong  confirmation  of  the  view 
that  the  atoms  of  the  elementary  sulistanccs  arc  made  up  of  simpler 
parts,  all  of  which  are  alike.  This  and  similar  views  of  the  constitu- 
tion of  matter  have  often  lieen  advocated;  thus,  in  one  form  of  it, 
known  as  Prout's  hypothesis,  all  the  elements  were  supposed  to  t)e 
compounds  of  hydrogen.  We  know,  however,  that  the  mass  of  the 
primordial  atom  must  bo  much  less  than  that  of  hydrogen.  Sir  Nor- 
man Iiockyer  has  advocated  the  composite  view  of  the  nature  of  the 
elemeutB  on  spectroscopic  grounds,  but  the  view  has  never  been  more 
boldly  stated  than  it  was  long  ago  l>y  Newton,  who  says: 

"The  smallest  particles  of  matter  may  cohere  by  the  strongest 
attraction  and  compose  bigger  particles  of  weaker  virtue,  and  many  of 
these  may  cohere  and  com[>ose  higger  particles  whose  virtue  is  still 
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weaker,  and  so  on  for  divei-s  tiucceseion,  until  the  progression  ends  in 
the  hige^t  particles  on  which  the  operations  in  chemistry  and  the 
colors  or  natural  bodicr*  depend  and  which  by  adhering  compose  bodies 
of  a  sensible  m^nitude." 

The  reasoning  we  used  to  prove  that  the  resistance  to  the  motion 
of  the  «!orpu»clo  depends  only  upon  the  density  is  only  valid  when  the 
sphere  of  action  of  one  of  the  particles  on  a  corpuscle  does  not 
extend  as  far  as  the  neare^it  particle.  We  shall  show  later  on  that  the 
sphere  of  action  of  a  particle  on  a  corpuscle  depends  upon  the  velocity 
of  the  corpuscle,  the  smaller  the  velocity  the  greater  being  the  sphere 
of  action,  and  that  if  the  velocity  of  the  corpuscle  falls  as  low  as  10' 
centimcnt«rs  per  second,  then,  from  what  we  know  of  the  charge  on 
the  corpuscle  and  the  size  of  molecules,  the  sphere  of  at^^tion  of  the 
particle  might  l>e  expected  to  extend  farther  than  the  distance  Ixitween 
two  particles,  and  thus  for  corpuscles  moving  with  this  and  smaller 
velocities  we  should  not  expect  the  density  law  to  hold. 

BXI»TENCK  OF  FREE  COttPL-SCI.ES  OB  NEHATIVE  ELEOTHICnT  IN  METAI£. 

In  the  cases  hitherto  described  the  negatively  electrified  corpuscles 
had  l)ecn  obtained  by  pnx'csses  which  require  the  Inxlies  from  whic-h 
the  coipuK<'Ics  are  liberated  to  lie  subjected  to  somewhat  exceptional 
treatment.  Thus  in  the  case  of  the  cathode  rays  the  corpuscles  were 
obtained  by  means  of  intense  electric  fields,  in  the  case  of  the  incan- 
dew«nt  wire  by  great  heat,  in  the  case  of  the  cold  metal  surface  by 
exposing  this  surface  to  light.  The  question  arises  whether  there  ia 
not  to  some  extent,  even  in  matter  in  the  ordinary  state  and  free  from 
the  action  of  sucb  agencies,  a  spontaneous  liberation  of  those  cor- 
puM<'leH — a  kind  of  dissociation  of  the  neutral  molecules  of  the  sub- 
stance into  positively  an<l  negatively  electrified  partf^,  of  which  the 
latter  arc  the  negatively  electrified  corpuscles. 

Let  us  consider  the  consequences  of  some  such  effect  occurring  in 
a  metal,  the  atoms  of  the  metal  si>litting  up  into  negatively  electritied 
corpuscles  and  positively  electritied  atoms,  and  these  again  after  a  time 
recombining  to  form  neutral  system.  When  things  have  got  into  a 
steady  state  the  numl>er  of  corpuscles  recombining  in  a  given  time 
will  tw  equal  to  the  nural>er  liberated  in  the  same  time.  There  will 
thus  be  diffused  through  the  metal  swarms  of  the.sc  corpuscles;  these 
will  bo  moving  about  in  all  directions,  like  the  molecules  of  a  gas,  and, 
as  they  can  gain  or  lose  energy  by  colliding  with  the  molecule  of  the 
metal,  we  should  expect  by  the  kinetic  theory  of  gases  that  they  will 
acquire  such  an  average  velocity  that  the  mean  kinetic  energy  of  a 
corpuscle  moving  about  in  the  nietal  is  equal  to  that  possessed  by  a 
moleculeof  a  gas  at  the  temperature  of  the  metal.  This  would  make 
the  average  velocity  of  the  corpuscles  at  0^  0.  about  10'  centimeters 
per  second.    This  swarm  of  negatively  electrified  corpuscles  when 
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expiMed  to  an  electric  force  will  l»  Mcnt  drifting  along  in  the  direction 
opposite  to  the  force;  this  drifting  of  the  coi-puscles  will  he  an  elec- 
tric current,  so  that  we  could  in  this  way  explain  the  electrical  con- 
ductivity of  nietalis. 

The  amount  of  electricity  carried  across  unit  area  under  a  given 
clet-tric  force  will  depend  upon  and  increase  with  (1)  the  number  of 
free  co^pu^(^les  per  unit  volume  of  the  metal;  (a)  the  freedom  with 
which  these  can  move  under  the  force  between  the  atoms  of  the 
metal.  The  latter  will  depend  upon  the  average  velocity  of  these  cor- 
puscles, for  if  they  are  moving  with  very  great  rapidity  the  electric 
force  will  have  verj-  little  time  to  act  before  the  corpuscle  collides 
with  an  atom,  and  the  effect  produced  by  the  electric  force  annulled. 
Thus  the  average  velocity  of  drift  imparted  to  the  corpuscles  by  the 
electric  tield  will  diminish  as  the  average  velocity  of  translation, 
which  is  fixed  by  the  tempeiuture,  inci-ea-ses.  As  the  average  velocity 
of  translation  increases  with  the  tempi'rature,  the  corpuscles  will 
move  more  freely  under  the  action  of  an  electric  force  at  low  tem- 
peratures than  at  high,  and  thus  from  this  (-ause  the  electrical 
conductivity  of  metals  would  increase  as  the  temperature  diminishes. 
In  a  paper  presented  to  the  International  Congress  of  Physics  at  Paris 
in  the  autumn  of  la.styear,  I  described  a  method  by  which  the  number 
of  corpuscles  per  unit  volume  and  the  velocity  with  which  they  moved 
under  an  electric  force  can  be  determined.  Applying  this  method  to 
the  case  of  bismuth,  it  appears  that  at  the  temperature  of  20'  C. 
there  are  about  as  many  corpuscles  in  a  cubic  centimeter  as  there  are 
molecules  in  the  same  volume  of  a  gas  at  the  same  temperature  and  at 
a  pressure  of  about  one-fourth  of  an  atmosphere,  and  that  the  cor- 
puscles under  an  electric  field  of  1  volt  per  centimeter  would  travel  at 
the  rate  of  about  70  meters  per  second.  Bismuth  is  at  present  the 
only  metal  for  which  the  data  necessarj-  for  the  application  of  this 
method  exists,  but  experiments  ai-e  in  progress  at  the  Cavendish  lab- 
oratory which  it  is  hoped  will  furnish  the  means  for  applying  the 
method  to  other  metals.  We  know  enough,  however,  to  be  sure  that 
the  corpuscles  in  good  conductors,  such  as  gold,  silver,  or  copper, 
must  be  much  more  numerous  than  in  bismuth,  and  that  the  corpus- 
cular pressure  in  these  metals  must  amouut  to  many  atmospheres. 
These  corpuscles  increase  the  specific  heat  of  a  metal  and  the  specific 
heat  gives  a  superior  limit  to  the  number  of  them  in  the  metal. 

An  interesting  application  of  this  theory  is  to  the  conduction  of 
electricity  through  thin  films  of  metal.  I^ongden  ha-*  re<-ently  shown 
that  when  the  thickness  of  the  film  falls  below  a  cei-tain  value  the 
specific  resistance  of  the  film  increases  rapidly  as  the  thickness  of  the 
film  diminishes.  This  i-esult  is  readily  explained  by  this  theory  of 
metallic  conduction,  for  when  the  film  gets,  so  thin  that  its  thickness  is 
comparable  with  the  mean  free  path  of  a  corpuscle  the  number  of  eol- 
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lisions  made  by  a  corpuscle  in  ti  film  will  he  greater  thao  in  the  metal 
in  bulk,  thuH  the  mobility  of  tbe  particles  in  the  film  will  be  leas  and 
the  electrical  reai»tauco  consequently  jrreater. 

The  corpusuleti  diHseiniaatcd  through  the  metal  will  do  more  than 
carry  the  electric  cun-ent,  they  will  also  carry  heat  from  one  part  to 
anolJier  of  an  unequally  heated  piece  of  metal.  For  if  the  corpuscles 
in  one  part  of  the  metal  have  more  kinetic  energy  than  those  in 
another,  then,  in  consequence  of  the  collisiona  of  the  corpuscles  with 
each  other  and  with  the  atoms,  the  kinetic  euergy  will  t«nd  to  pass 
from  those  places  where  it  is  greater  to  those  where  it  is  less,  and  in 
this  way  heat  will  flow  from  the  hot  to  the  cold  parts  of  the  metal.  As 
the  rate  with  which  the  heat  is  carried  will  increase  with  the  number 
of  corpuscles  and  with  their  mobility,  it  will  l>e  influenced  by  the  same 
circumstances  as  the  conduction  of  electricity,  bo  that  good  conductors 
of  electricity  should  also  be  good  conductors  of  heat.  If  we  calculate 
the  ratio  of  the  thermal  to  the  electric  conductivity  on  tbe  assumption 
that  the  whole  of  the  heat  is  (tarried  by  the  corpuscles  we  obtain  a 
value  which  is  of  the  same  order  as  that  found  by  experiment. 

Wel)er  many  years  ago  suggested  that  the  electrical  conductivity  of 
metals  was  due  to  the  motion  through  them  of  positively  and  nega- 
tively electrified  particles,  and  this  view  has  recently  been  greatly 
extended  and  developed  by  Riecke  and  by  Dmde.  The  objection  to  any 
electrolytic  view  of  the  conduction  through  metals  is  that,  as  in  elec- 
trolysis, the  transport  of  electricity  in\olve8  the  transport  of  matter, 
and  no  evidence  of  this  has  lieen  detected.  This  objection  does  not 
apply  to  the  theory  sketched  above,  as  on  this  view  it  is  the  corpuscles 
which  carry  the  current;  these  are  not  atoms  of  the  metal,  but  very 
much  smaller  bodies,  which  are  the  same  for  all  metals. 

It  may  >»e  asked,  If  the  corpuscles  are  disseminated  through  the 
metal  and  moving  about  in  it  with  an  average  velocity  of  about  10^ 
centimeters  per  second,  how  is  it  that  some  of  them  do  not  escape 
from  the  metal  into  the  surrounding  air}  We  must  remember,  how- 
cvei',  that  these  negatively  electrified  corpuscles  are  atti"acted  by  the 
positively  electrified  atoms,  and  in  all  probability  by  the  neutral  atoms 
as  well,  so  that  to  escape  from  these  attiuctions  and  get  free  a  corpuscle 
would  have  to  possess  a  definite  amount  of  energy.  If  a  corpuscle  had 
lessenergy  than  this,  then,  even  though  projected  away  from  the  metal, 
it  would  fall  back  into  it  after  traveling  a  shoit  distance.  When  the 
metal  is  at  a  high  temperature,  as  in  the  case  of  the  incandescent  wire, 
or  when  it  is  illuminated  by  ultra-violet  light,  some  of  the  corpuscles 
acquire  sufficient  energy  to  escape  from  tbe  metal  and  produce  clecti'i- 
fication  in  the  surrounding  gas.  We  might  expect,  too,  that  if  we  could 
charge  a  metal  so  highly  with  negative  electricity  that  the  work  done 
by  the  electric  field  on  the  corpuscle  in  a  distance  not  greater  than  the 
sphere  of  action  of  the  atoms  on  the  corpuscles  was  greater  than  the 
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energy  required  for  a  corpuscle  to  escape,  then  the  corpuscles  would 
escape  and  ne^tive  electricity  stream  from  the  metal.  In  this  case 
the  discharge  could  be  effected  without  the  participation  of  the  gas 
surrounding  the  metal,  and  might  even  take  place  in  an  absolute 
vacuum,  if  we  could  produce  such  a  thing.  Wo  have  as  yet  no  evi- 
dence of  this  kind  of  discharge,  unless,  indeed,  some  of  the  interesting 
results  recently  obtained  by  Earhart  with  very  short  sparks  should 
be  indications  of  an  effect  of  this  kind. 

A  very  interesting  case  of  the  spontaneous  emission  of  (wrpuscles 
is  that  of  the  radio-active  substance  radium  discovered  by  M.  and 
Mmc.  Curie.  Radium  gives  out  negatively  electrified  corpuscles 
which  are  deflected  by  a  magnet.  Becquerel  has  determined  the  ratio 
of  the  masH  to  the  charge  of  the  radium  corpuscles  and  finds  it  is  the 
same  as  for  the  corpuscles  in  the  cathode  rays.  The  velocity  of  the 
radium  corpuscles  is,  however,  greater  than  any  that  has  hitherto 
been  observed  for  either  cathode  or  Lenard  rays;  being,  as  Becquerel 
found,  as  much  as  2X10"  centimeters  per  second,  or  two-thirds  the 
velocity  of  light.  This  enormous  velocity  explains  why  the  corpuscles 
from  radium  are  so  very  much  more  penetrating  than  the  corpuscles 
from  cathode  or  Lenard  rays;  the  difference  in  this  reaped  is  very 
striking,  for  while  the  latter  can  only  penetrate  solids  when  they 
are  beaten  out  into  the  thinnest  films,  the  corpuscles  from  radium 
have  been  found  by  Curie  to  be  able  to  penetrate  a  piece  of  glass  3 
millimeters  thick.  To  see  how  an  increase  in  the  velocity  can  increase 
the  penetrating  power,  let  us  take  as  an  illustration  of  a  collision  be- 
tween the  corpuscle  and  the  particles  of  the  metal  the  case  of  a  charged 
corpuscle  moving  past  an  elei^'tritied  body;  a  collision  may  be  said  to 
occur  between  these  when  the  corpuscle  comes  so  close  to  tlie  chai^^ 
body  that  its  direction  of  motion  after  passing  the  body  differs  appre- 
ciably from  that  with  which  it  started.  A  simple  calculation  shows 
that  the  deflection  of  the  corpuscle  will  only  lie  considerable  when 
the  kinetic  energy  with  which  the  corpuscle  starts  on  its  journey 
toward  the  charged  body  is  not  large  compared  with  the  work  done 
by  the  electric  forces  on  the  corpuscle  in  ita  journey  to  the  shortest 
distance  from  the  charged  body.  If  d  is  the  shortest  distance,  c  and  rt' 
the  charge  of  the  body  and  corpuscles,  the  work  done  is  eo'-d;  while  if 
ui  is  the  mass  and  v  the  velocity  with  which  the  corpuscle  starts,  the 
kinetic  energy  to  begin  with  is  \mi?\  thus  a  considerable  deflection 
of  the  corpuscle,  i,  e.,  a  collision,  will  occur  only  when  e^'  d  is  com- 
parable with  init^;  and  d,  the  distance  at  which  a  collision  occurs, 
will  vary  inversely  as  i-".  As  iZis  the  radius  of  the  sphere  of  action  for 
collision,  and  as  the  number  of  collisions  is  proportional  to  the  area  of 
a  section  of  this  sphere,  the  number  of  collisions  is  proportional  to 
(?,  and  therefore  varies  inversely  as  v"".  This  illustration  explains 
how  rapidly  the  number  of  collisions,  and  therefore,  the  resistance 
8M  1901 16 
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offered  to  the  motion  of  the  corpuscles  through  matter  diminished  as 
the  vclot-ity  of  the  corpuscles  increases,  so  that  wc  can  understand  why 
the  rapidly-moving  corpuscles  from  radium  arc  able  to  penetrate  sub- 
stances which  arc  nearly  impermeable  to  the  more  slowly  moving  cor- 
piiscles  from  cathode  and  Lenard  rays. 

COSUICAL   EFFECTS  PRODUCED    BT  CORPUSCLES. 

As  a  very  hot  metal  emits  these  corpuscles,  it  does  not  seem  an 
improtmhle  hypothesis  that  they  are  emitted  by  that  very  hot  l>ody, 
the  sun.  Some  of  the  consequences  of  this  hypothesis  have  been 
developed  by  Paulsen,  Birkeland,  and  Arrhenius,  who  have  developed 
a  theory  of  the  aurora  borealis  from  this  point  of  view.  Let  us  sup- 
pose that  the  sun  gives  out  corpuscles  which  travel  out  through  inter- 
planetary space;  some  of  these  will  strike  the  upper  regions  of  the 
earth's  atmosphere,  and  will  then,  or  even  l>eforc  then,  (■ome  under  the 
influence  of  the  earth's  magnetic  field.  The  corpuscles  when  in  such 
a  field  will  describe  spirals  round  the  lines  of  magnetic  force.  As  the 
radii  of  these  spirals  will  bo  small,  compared  with  the  height  of  the 
atmoiphere,  we  may  for  our  present  purpose  sHpiX).-*e  that  they  travel 
along  the  lines  of  the  earth's  magnetic  force.  Thus,  the  corpuscles 
which  strike  the  eai-th's  atmosphere  near  the  equatorial  regions,  where 
the  lines  of  m^netic  force  are  horizontal,  will  travel  horizontally,  and 
will  thus  remain  at  the  top  of  the  atmosphere  where  the  density  is  so 
small  that  hut  little  luminosity  is  caused  by  the  pas.iage  of  the  cor- 
puscles through  the  gas.  As  the  corpuscles  travel  into  higher  lati- 
tudes, where  the  lines  of  ni^nctic  force  dip.  they  follow  these  lines  and 
descend  into  the  lower  and  denser  parts  of  the  atmosphere,  where  they 
produce  luminosity,  which,  on  this  view,  is  the  aurora. 

As  Arrhenius  has  pointed  out,  the  intensity  of  the  aurora  ought  to 
be  a  maximum  at  some  latitude  intermediate  between  the  pole  and  the 
equatt)r,  for,  though  in  the  equatorial  regions  the  rain  of  corpuscles 
from  the  sun  is  greatest,  the  earth's  magnetic  force  kwps  these  in 
such  highly  rarefied  gas  that  they  produce  but  little  luminosity,  while 
at  the  p()le,  where  the  magnetic  force  would  pull  them  straight  down 
into  the  denser  air,  there  are  not  nearly  so  many  coi-puscles;  the 
maximum  luminosity  will,  therefore,  be  soniewhei'c  between  these 
places.  Arrhenius  has  worked  out  this  tiieory  of  the  aurora  very 
completely,  and  has  shown  that  it  affords  a  \ery  siitisfnctory  explana- 
tion of  the  various  periodic  variations  to  which  it  is  subject. 

As  a  gas  becomes  a  conductor  of  electricity  when  corpuscles  pass 
through  it,  the  up[)er  regions  of  the  air  will  conduct,  and  when  air 
currents  occur  in  these  regions,  conducting  matter  will  be  driven  across 
the  lines  of  force,  due  to  the  earth's  magnetic  field,  electric  currents 
will  be  induced  in  the  air,  and  the  magnetic  force  due  to  these  currents 
will  produce  variations  in  the  earth's  magnetic  field.     Balfour  Stewart 
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suggested  long  ^o  that  the  variation  on  tb«  earth\s  magnetic  field  was 
caused  by  ciiiTents  in  the  upper  regions  of  the  atraospheie,  and  Schus- 
ter has  shown,  by  the  application  of  Gauss's  method,  that  the  scat  of 
these  variations  is  above  the  surface  of  the  earth. 

The  negative  charge  in  the  earth's  atmosphere  will  not  increase  indefi- 
nitely in  consequence  of  the  stream  of  negatively  electrified  corpuscles 
coming  into  it  from  the  sun,  for  as  soon  as  it  gets  negatively  electrified 
it  begins  to  repel  negatively  electrified  corpuscles  from  the  ionized 
gas  in  the  upper  regions  of  the  air,  and  a  state  of  equilibrium  will  be 
reached  when  the  earth  has  such  a  negative  charge  that  the  corpuscles 
driven  by  it  from  the  upper  regions  of  the  atmosphere  are  e<]ual  in 
number  to  those  reaching  the  earth  from  the  sun.  Thus,  on  this  view, 
interplanetary  space  is  thronged  with  corpuscular  traffic,  rapidly  mov- 
ing corpuscles  coming  out  from  the  aun  while  more  slowly  moving 
ones  stream  into  it. 

In  the  case  of  a  planet  which,  like  the  moon,  has  no  atmosphere, 
there  will  be  no  gas  for  the  corpuscles  to  ionize,  and  the  negative  elec- 
trification will  increase  until  it  is  so  intense  that  the  repulsion  exerted 
by  it  on  the  corpuscles  is  great  enough  to  prevent  them  from  reaching 
the  *iurface  of  the  planet. 

Arrhenius  has  su^ested  that  the  luminosity  of  nebula;  may  not  bo 
due  to  high  temperature,  but  may  be  produced  by  the  passage  through 
their  outer  regions  of  the  corpuscles  wandering  about  in  space,  the 
gas  in  the  nebulse  being  quite  cold.  This  view  seems  in  some  respects 
to  have  advantages  over  that  which  supposes  the  nebulte  to  be  at  very 
high  temperatures.  These  and  other  illustrations,  which  might  be 
given  did  space  permit,  seem  to  render  it  probable  that  these  corpuscles 
may  play  an  important  part  in  cosmical  as  well  as  in  terrestrial  physics. 


^dbyGOQl^lC 


i„o,n,Go(5gle 


THE  EXPLORATION  OF  THE  ATMOSPHERE  AT  SEA  BY 
MEANS  OF  KITES. 


By  A.  Lawebncb  Rotch, 

Director  of  Jlliie  Hill  MeUorotogiral  Olmerralory. 


The  method  of  obtaining  meteorological  observations  with  kites  at 
Blue  Hill  Observatory  has  been  fully  described  in  appendixes  to  the 
Smithsonian  Reports  for  1897  and  1900,  and  it  will  suffice  to  say,  there- 
fore, that  during  the  past  seven  years  several  hundred  records  of  the 
conditions  prevailing  in  the  free  air  have  been  brought  down  from  an 
extreme  height  of  3  miles.  These  observations  have  been  obtained  in 
almost  all  weather  conditions  when  the  velocity  of  the  wind  at  the 
ground  was  between  12  and  35  miles  an  hour.  Ceiiain  types  of  weather, 
technically  known  as  anticyclones,  and  which  are  characterized  by  a 
high  barometric  pi-essuro  and  light  winds,  can  therefore  rarely  be 
studied  aloft,  although  it  is  sometimes  possible  to  send  up  the  kites  in 
advance  of  these  conditions  and  to  descend  in  the  central  calm  area. 
Often  while  there  is  sufficient  wind  near  the  ground,  it  fails  entirely 
at  about  a  mile  altitude,  near  the  cumnlus  clouds,  and*  thus  the  kites 
.  are  prevented  from  rising  higher,  although  at  a  greater  height  there  is 
almost  always  a  strong  wind.  It  is  usually  impossible  to  launch  the 
kites  during  the  strong  gales  that  attend  the  coming  on  and  pa<3sing  off 
of  deep  cyclonic  disturbances. 

As  mentioned  in  my  la.st  paper,  the  United  States  Weather  Bureau 
undertook  during  the  summer  of  1898  to  obtain  obser\'ations  with  kites 
simultaneously  at  a  number  of  places  in  the  central  part  of  the  coun- 
try, but,  as  the  light  winds  prevented  flights  from  being  made  regu- 
larly at  all  the  stations,  the  experiment  was  abandoned.  Alx>ut  the 
same  time  the  emplovTnent  of  kites  for  meteorological  research  was 
taken  up  on  the  Continent  of  F^urope,  and  this  work  has  been  most 
successfully  carried  out  at  the  private  observatory  of  M.  Teisserenc 
de  Bort,  near  Paris,  and  at  the  Aeronautical  Observatory  of  the  Royal 
Prussian  Meteorological  Institute,  near  Berlin,  which  is  at  the  present 
time  the  most  completely  equipped  establishment  of  the  kind  in  the 
world.  The  systematic  exploration  of  the  atmosphere  above  the  Con- 
tinent of  Europe  has  l>een  in  progress  for  several  years  through  the 
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cooperation  of  an  international  committee.  Balloons  with  aerooaute 
ami  balloons  carrying  only  self-recording  instrumenb^  to  sttll  greater 
heigbtu  ascond  on  a  certain  day  each  month  in  France,  (Jerman3',  Aus- 
tria, and  Russia,  while  kites  supply  the  observations  nearer  the  gTx>und. 
It  fre(|uently  happens,  however,  that  on  the  appointed  day  the  wind  at 
the  ground  is  insufficient  to  raise  the  kites,  although  the  balloons  drift 
with  the  upper  currents  to  great  distances. 

While,  from  what  precedes,  it  is  evident  that  the  use  of  kites  on 
land  has  hitherto  been  limited  to  favorable  circumstances,  yet,  by  the 
simple  expedient  of  installing  the  kites  on  board  a  steamship,  kites 
may  not  only  be  flown  during  calms  and  gales,  but  also  in  places  above 
which  no  observations  have  been  pos.>4ible  heretofore.  Except  in  very 
bad  weather  kites  can  always  be  flown  from  either  a  stationary  or  a 
moving  ship,  since,  when  the  air  is  calm,  by  steaming  thi'ougb  it  at  a 
speed  of  10  or  12  knotj^,  the  kites  can  be  raised  to  the  height  that  tbey 
would  reach  in  the  most  favorable  natural  wind,  and,  on  the  contrarr, 
the  force  of  strong  winds  can  be  reduced  in  the  same  proportion  if  the 
ve,«Hel  moves  with  the  wind.  In  the  case  mentione<l.  when  the  wind 
fails  at  a  certain  height,  the  motion  of  the  vessel  will  suffice  to  pull  the 
kites  through  this  calm  zone  and  into  the  stronger  upper  cuiTcnt  that 
usually  suffices  to  lift  them  still  higher.  Thus  kites  can  Ihs  flown  on 
hoard  a  steamer  under  almost  all  conditions,  and  more  easily  than  on 
land,  since  the  steadier  winds  at  sea,  especially  the  wind  artificially 
created,  facilitate  launching  them.  Steam  power  is  always  available 
to  operate  the  kite  win<ih,  and  the  wire  from  it  may  be  led  over  a 
pulley  on  a  yard-arm  capable  of  being  turned  so  as  to  bring  the  kites 
clear  of  the  rigging,  ete.  Wherever  these  observations  in  the  upper 
air  may  be  made,  there  is  always  a  station  at  sea  level,  and  not  far  dis- 
tant horizontally,  with  which  to  compare  them. 

To  test  the  piwticability  of  this  method  of  flying  kites,  experiments 
were  undertaken  on  August  2"^,  1001,  with  the  aid  of  my  assistants, 
Messrs.  Fcrgusson  and  Sweetland,  upon  a  towboat  <'hartei-cd  for  this 
purpose  to  cruise  in  Massachusetts  Bay.  Anticyclonic  weather  condi- 
tions prevailed,  and  a  southeast  wind  blew  from  6  to  10  miles  an  hour, 
but  at  no  time  with  sufficient  velocity  to  elevate  the  kites,  either  from 
sea  level  or  from  the  adjacent  Blue  Hill.  With  the  boat  moving  10 
miles  an  hour  toward  the  wind,  and  within  an  angle  of  45^  on  either 
side  of  its  mean  direction,  the  resultant  wind  easily  lifted  the  kites 
and  meteorogi'aph,  with  3,600  feet  of  wire,  to  the  height  of  half  a 
mile.  In  Plate  I,  figures  1,  2,  and  Plate  II,  figure  3,  show,  respec- 
tively, the  meteorograph  supported  by  the  kite,  a  nearer  view  of  the 
kite,  and  the  hand  reel  and  meteorograph  on  deck. 

While  it  is  desirable  to  have  a  vessel  that  can  be  started,  stopped, 
and  turned  at  the  will  of  the  meteorologist,  as  was  the  ca.sc.  in  the 
experiments  described,  it  seemed  nevertheless  probable  that  soundings 


Fw.  1 .— Meteorooraph  lifted  by  *  Krrc. 


Fio.  2.— H»RQR*VE  Kite  in  the  A 
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of  the  atmosphere  could  often  be  made  from  a  steamship  pursuing  its 
regular  course,  iind  accordingly  such  were  attempted  on  a  steamer 
eastward  bound  across  the  North  Atlantic.  With  the  aid  of  my  assist- 
ant, Mr.  Sweetland,  and  through  the  courtesy  of  Captain  McAuley, 
this  was  accomplished  on  board  the  Dominion  steamship  Commonwealth, 
which  left  Boston  for  Liverpool  on  August  28,  1901.  A  view  of  the 
stern  of  the  ship,  with  the  upper  deck  from  which  the  kites  were 
flown  is  shown  in  Plate  II,  figure  4.  During  most  of  the  voyage 
we  were  within  an  area  of  high  barometric  pressure  that  wai^ 
drifting  slowly  southeastward  and  out  of  which  light  winds  blew. 
Although  these  were-  insufficient  to  raise  the  kites,  the  ship's  speed  of 
16  knots  created  a  corresponding  wind  from  an  easterly  direction  that 
sufficed  to-lift  the  kites  on  five  of  theeightdaysoccupiedby  the  voyage 
to  Queenstown.  On  one  of  the  three  unfavorable  days,  a  following 
wind  became  too  light  on  the  ship  for  kiteflying,  and  on  the  two  other 
days  a  fresh  head  wind,  augmented  by  the  forward  motion  of  the  ship, 
was  so  strong  as  to  endanger  the  kites,  but  had  it  been  possible  to  alter 
the  course  of  the  vessel  a  favorable  resultant  wind  might  have  been 
produced  every  day.  The  maximum  height  attained  was  only  about 
2,000  feet,  but  with  larger  kites  and  longer  wire  this  could  have  been 
greatly  exceeded.  Automatic  records  were  obtained  of  bai-omctric 
pressure,  air  temperature,  relative  humidity,  and  wind  velocity,  which 
did  not  differ  markedly  from  records  obtained  in  somewhat  analogous 
weather  conditions  over  the  land.  The  most  striking  feature  was  the 
rapid  decrease  of  the  temperature  with  increasing  height  in  all  but  one 
of  the  flights.  The  fall  of  temperature  was  fastest  in  the  first  300  feet, 
where  it  exceeded  the  adiabatic  rate  of  1°  F.  in  183  feet,  but  in  the 
last-mentioned  flight  the  temperature  rose  6^  in  450  feet,  and  during 
the  afternoon  remained  so  much  warmer  than  at  sea  level.  The  rela- 
tive humidity  varied  inversely  with  the  temperature,  the'  direction  of 
the  wind  shifted  aloft  toward  the  right  hand  when  facing  it,  and  its 
velocity  generally  increased  with  increase  of  altitude.  The  direction 
and  velocity  of  the  wind  aloft  were  computed  from  the  observed 
position  of  the  kite  and  the  recorded  velocity  of  the  wind  at  this  level, 
allowing  for  the  speed  at  which  the  kite  was  being  dragged  thi-ough 
the  air  by  the  vessel.  Simultaneous  records  were  obtained  from  a 
meteorograph  hung  above  the  deck,  with  which  the  upper-air  records 
were  compared. 

These  are  probably  the  first  meteorological  observations  at  a  con- 
siderable height  in  mid-Atlantic,  and  have  a  special  importance,  becau-io 
they  indicate  that  at  sea  high-level  observations  may  be  obtained  with 
kites  in  all  weather  conditions,  only  excepting  severe  gales,  provided 
the  steamer  from  which  the  kites  are  flown  can  be  so  maneuvered  as 
to  bring  the  wind  to  a  suitable  velocity.  It  is  evident  that  such  obser- 
vations as  have  been  described,  even  if  made  like  the  preceding,  only 
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when  the  conditions  were  favorable,  would  go  far  toward    showing 
whether  the  conditions  prevailing  over  the  ocean  differ   from  those 
al>ove  the  land,  and  would  al»o  furnish  information  about  the  upper 
ail-  in  atmospheric  situations  that  can  not  be  exploi-ed  with  kites  at  a 
fixed  station.    So  far  as  known,  meteorological  records  had   not  bt^en 
obtained  before  last  summer  from  kites  flown  from  a  movinjy  vessel, 
although  during  the  first  half  of  the  last  century  registering^  thermom- 
eters were  lifted  by  kites   several    hundred  feet   above  the    Arctic 
ocean,  when  the  vessel  was  fast  in  the  ice.     The  German    Antarctic 
vessel  Gams  and  the  Dmcm^ery  of  the  English  Antarctic  expedition 
are  each  equipped  with  meteorological  kites,  which  were  to  be  used  on 
the  Southern  voyages  commenced  in  August,  litOl,  hut  it  is  to   he 
feared  that  this  branch  of  the  meteorological  work,  being  subordinate 
to  the  main  aims  of  the  expeditions,  will  always  be  sacrificed  to  them. 
In  any  case,  it  must  l>e  remembered  that  scientific  kiteflying  demands 
practiced  and  skillful  operators,  and  without  them  and  much  reserre 
apparatus  must  yield  mediocre  re8ultj4.     To  make  these  obser\-ations 
properly  re<iuires  that  the  vessel  l>e  completely  under  the  control  of 
the  meteorologist,  who  may  then  explore  the  heights  of  the  atmos- 
phere, just  as  the  hydrograpber  and  zoologist  have  explored  the  depths 
of  the  ocean.     Had  the  British  l%ilh'ng,'r  expedition  been  provided 
with  our  modern  kite  apparatus  and  accompanied  by  meteorologists 
trained   in  their  u^n^,,  it  might  have  accomplished  the  double  task  of 
sounding  the  oceans  of  air  and  water. 

Although  olwervations  above  all  the  oceans  are  valuable,  the  explo- 
ration of  the  equatorial  region  is  the  most  important,  since,  with  the 
exception  of  a  few  observations  on  the  Andes  and  on  mountains  in 
central  Africa,  wc  know  nothing  of  the  thornifti  conditions  existing  a 
mile  or  two  at>ove  the  equator,  and  only  what  the  clouds  tell  us  of  the 
currents  in  which  they  float.  The  need  of  such  data  to  complete  our 
theories  of  the  thermodynamics  of  the  atmosphere  was  urged  by  Pro- 
fessor Woeikof,  of  St.  Petersburg,  at  the  Meteorological  Congress  of 
lyOO  in  Paris.  North  and  south  of  the  equator,  within  the  trade-wind 
belts,  kites  might  be  employed  to  determine  the  height  to  which  the 
trades  extend,  and  also  the  direction  and  strength  of  the  upper  winds, 
concerning  which  the  high  clouds,  rarely  seen  in  those  latitudes,  fur- 
nish our  only  information.  Professor  Hildcbrandsson,  of  Upsala,  who 
is  an  eminent  authority  on  the  circulation  of  the  atmosphere,  Iwlieves 
that  a  meteorologist  on  a  steamship  provided  with  kites,  and  also  with 
small  balloons  to  ascertain  the  drift  of  the  upper  winds  when  there  are 
no  clouds,  by  making  atmospheric  .soundings  between  the  area  of  high 
barometric  preasure  in  the  North  Atlantic  and  the  constant  southeast 
'  trades  south  of  the  equator,  and  in  this  way  investigating  the  temper- 
ature and  flow  of  the  so-called  anti-trades  above  the  surface  winds, 
could  solve  in  three  months  one  of  the  most  important  problems  in 


FiQ.  4.— S.  S-  Commonwealth  leaving  Boston. 
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meteorology.  The  two  Antarotic  vessels  already  mentioned  are 
unlikely  for  several  reasons,  hut  chiefly  because  tbey  generally  pro- 
ceeded under  sail,  to  have  cxtntributed  important  data  concerning  the 
upper  air  in  their  voyages  across  the  equator.  Although  the  United 
States  has  taken  no  part  in  this  international  Antarctic  campaign,  an 
opportunity  is  offered,  during  the  next  year  or  two,  without  material 
expense,  danger,  or  hardship,  to  cooperate  in  a  study  of  the  general 
atmospheric  circulation,  which  is  one  of  the  objects  of  polar  explora- 
tion. Indeed,  for  a  naval  vps.sel  not  actually  engaged  otherwise,  the 
sounding  of  the  atmo.-iphere  in  the  tropit^s,  whereby  the  relation  of  the 
upper-air  currents  to  the  winds  useful  for  navigation  may  be  ascer- 
tained, would  seem  to  be  as  legitimate  a  task  as  sounding  the  depths 
of  the  oceans  and  determining  the  currents  and  temperatures  prevail- 
ing there.  But  if  our  Navy  Department  will  not  authorize  this,  a 
private  expedition  should  be  organized  to  investigate  the  questions 
mentioned,  which  are  of  prime  importance  for  meteorology  and  physical 
geography. 
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By  Jahks  Dewah,  F.  R,  S. 


Before  proceeding  to  discusis  the  immediate  suRjeet  of  this  lecture 
it  will  be  advisable  to  contraat  experimentally  some  of  the  properties 
of  hydrogen,  nitrogen,  and  oxygen  in  the  liquid  condition.  The  two 
vacuum  cups  (tigs.  1  and  2)  are  charged  half  full,  respectively,  with 
liquid  hydrogen  and  liquid  air.  When  the  cup  containing  the  liquid 
air  is  placed  in  front  of  the  electric  lamp  the  image  thrown  on  the 
screen  reveals  the  continual  overflow  of  a  dense  vapor  round  the  outer 


walls  of  the  vessel.  The  saturated  vapor  coming  from  the  steady 
ebullition  of  liquid  air  is  three  times  denser  than  the  free  air  of  the 
room,  and  the  result  is  it  falls  through  that  air  just  as  if  it  were  a 
dense  gas,  like  carbonic  acid  or  ether  vapor.  To  observe  this  phenom- 
enon, the  vacuum  cup  must  be  shallow;  otherwise  the  vapor  gets 
heated  up  before  reaching  the  mouth  of  the  vessel,  and  no  difference 
of  density  in  the  air  coming  off  is  observed.     We  will  now  project  the 

•ReprinUsl  from  Pro<;c<Hliiig»  of  Royal  ImrtitutioD  of  Ureal  BriUin,  1900.     ttead 
at  meeting  of  Koyal  IiuitiUitioD,  April  6,  IWO. 
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iina^  of  thp  cup  containing  liquid  hydrogen,  co^'enjd  loosely  in  this 
(.•one  with  a  glass  plato.  upon  the  .-ioreen;  here  no  heavy  vapor  escaping 
round  the  sides  iw  visible.  The  vapor  of  the  boiling  licjuid  hydrogen 
has  a  density  nearly  equal  to  the  air  of  the  room,  but  as  it  gets  very 
rapidly  heated  up  by  the  glass  cover  the  gas  that  is  escaping  is  seen  to 
rise  in  air  like  any  light  gas.  On  now  removing  the  glass  plate  a  very 
different  phenomenon  Ls  oljsorved,  which  contrasts  markedly  with  the 
Ijehavior  of  the  liquid  air  in  the  former  vessel.  The  cup  and  the  air 
aliove  in  filled  with  a  dense  surging  snowstorm  of  solid  air;  the 
air,  coming  in  contact  with  the  excessively  cold  hydrogen  vapor,  is 
suddenly  solidified,  and  a  jmrt  of  it  falls  into  the  liquid  bydrc^n, 
causing  more  rapid  evni>oration,  thereby  intensifying  the  cloud  con- 
densation. AfteHhe  mist  has  disappeared  and  all  the  liquid  hydrogen 
gone  the  cup  contains  a  white  deposit  of  solid  air.  This  shortly  melts, 
and  on  allowing  the  nitrogen  to  Iwil  off,  the  presence  of  oxygen  can  be 
shown  by  the  ignition  of  a  red-hot  splinter  of  wood.  Such  effects  are 
e;i.sily  understood  when  we  rememlter  that  the  l>oiling  point  of  hydro- 
gen is  proportionally  as  much  l>elow  the  ItoiUng  point  of  air  as  the 
latter  is  Wlow  the  ordinary  temperature  of  this  room. 

In  order  to  ol)serve  the  individual  iK'havior  of  the  constituents  of 
the  air  at  tcmiwratures  below  their  ordinary  Ixiiling  points,  it  is 
advantageous  to  place  liquid  nttrogon  and  oxygen  in  separate  vacuum 
vessels,  so  connected  that  they  may  1h'  simultaneously  exhausted,  as  is 
repi-esented  in  fig.  i.  On  starting  the  air  pump  lH>th  liquids  enter 
into  rapid  ebullition.  As  the  exhaustion  gets  higher  the  temperature 
of  each  liquid  gets  lower  and  lower,  and  if  the  melting  point  is  finally 
rea<-hed  in  either  liquid  it  must  shortly  U'gin  to  solidify.  This  condi- 
tion is  quickly  brought  about  in  the  ltlsc  of  the  vessel  A,  containing 
the  liquid  nitrogen,  which  parises  i-apidly  into  the  condition  of  a  dense 
white  snow;  but  no  amount  of  time  spent  in  maintaining  a  good 
exhaustion  (5  to  li>  millimeters  pressure)  has  any  effect  in  changing  the 
li<{uid  <-ondition  of  the  oxygen  in  B.  Oxygen  in  fact  remains  liquid  at 
t^impemtures  where  nitrogen  is  solid.  The  snow  of  solid  air  produced 
by  the  evaporation  of  liquid  hydrogen  in  the  previous  experiment 
might  thus  l)c  mode  up  of  solid  nitrogen  and  £  liquid  rain  of  oxygen. 
To  show  that  the  temperature  of  boiling  hydrogen  solidifies  oxygen, 
some  of  the  latter  liquid  is  placed  in  a  vacuum  test  tul>e  O  (tig.  3)  and 
li({uid  hydrogen  H  is  poured  on  its  surfa<'e,  when  the  liquid  oxygen 
is  quickly  transformed  into  a  clear  blue  solid  ice.  Both  oxygen  and 
nitrogen,  and  we  shall  see  later  hydrogen,  can  be  changed  into  the  con- 
dition of  transparent  ice  as  well  as  into  the  snowy  state.  A  closed 
vessel  filled  with  any  gas  at  atmospheric  pressure,  of  such  a  form  that 
a  portion  of  the  surface  in  the  shape  of  a  narrow  quill  tube,  can  be 
cooled  in  boiling  liquid  hydrogen  like  B,  fig.  5,  shows  condensation  of 
the  gas  to  the  solid  state,  the  only  exceptions  being  helium  and  hydro- 
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geii  itself.  Here  are  two  vessels  of  the  same  shape  as  A,  B,  fig,  5. 
The  firat  coDtaiiis  helium,  showing  no  condensation  when  the  part  B 
is  t^ooled;  the  second  in  filled  with  hydrogen,  which  equally  shows  no 
change  of  .-^tate  under  the  conditions  of  the  experiment.  It  is  easy, 
however,  to  make  the  hydrogen  vessel  show  liquefaction.  For  this 
purpose  the  experiment  with  the  hydrogen  is  repeated,  only  before 
doing  so  the  part  A  is  heated  to  about  KOO-  (J.  over  a  Bunsen  burner, 
in  order  to  increase  the  pressure  of  gas  in  the  interior  to  above  two 
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atmospheres.  Now,  liquefaction  is  seen  to  take  place  with  great 
facility.  No  change  is  produced  by  similarly  increasing  the  pressure 
in  the  helium  vessel. 

The  extraordinary  command  liquid  hydrogen  gives  us  over  the 
transition  of  state  in  matter  may  be  best  illustmted  by  the  use  of  a  new 
kind  of  cryophorus.  VVollaston's  celebrated  instrument  operates  by 
forcing  the  evaporation  of  water  in  a  closed  vessel  by  condensing  its 
vapor  in  a  part  of  the  receiver  at  a  distance  from  the  fluid,  thereby 
causing  a  lowering  of  temperature  in  the  latter  until  freezing  takes 
place.  Hence,  the  name  cryophorus  or  cold-bearer.  Instead  of  using 
water  we  may  now  show  that  the  same  principle  may  be  applied  to  the 
solidification  of  nitrogen  at  a  distance  instead  of  water.  The  sole  dif- 
ference in  tbia  case  is  that  the  liquid  niti-ogcn  must  be  isolated  from 
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the  influx  of  heat  by  being  placed  in  a  vacuum  vessel,  and  the  conden- 
sation of  ita  vapor  tnuMt  be  effected  by  the  use  of  liquid  hydrogen. 

No  boiling-out  operation  is  necessary  with  the  oryophorous  we  are 
about  to  use.  The  apparatus  is  shown  in  tig.  6.  The  vacuum  tube  B 
contains  liquid  nitrogen.  It  in  fitted  on  by  an  india  rubber  joint  to 
a  wide  pieoe  of  glass  tubing  doubly  Ijent  at  right  angles,  A  D;  and 
in  order  to  allow  the  gas  from  the  boiling  liquid  to  escape  befoi-e  the 
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experiment  logins,  an  aperture,  C.  is  left  which  «in  he  dosed  with 
a  stopcock.  On  closing  C  and  inserting  a  part  of  the  tulw  A  into  a 
vessel  containing  liquid  hydrogen,  the  gas  within  is  condensed,  and 
thereby  the  pressure  of  the  vapor  in  the  interior  of  the  vessel  is 
reduced,  forcing  the  liquid  nitrogen  in  the  other  part  of  the  apparatus 
to  boil  with  great  violence.  In  a  few  minutes  the  temperature  of  the 
mtr<:^en  is  so  much  I'educed  that  it  pas.ses  into  the  solid  state.     Many 
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other  liquid  gases  might  be  used  to  replace  the  nitrogen  in  this  experi- 
ment. In  malcing  a  .selection,  however,  it  in  necessary  to  take  only 
those  bodies  that  possess  a  reasonably  high  tension  of  vapor  at  the 
melting  point.  The  process  would  not  succeed  easily  with  a  substance 
like  oxygen,  that  haa  no  measurable  tension  of  vapor  in  the  nolid 
condition. 

In  the  autumn  of  1898,  after  the  production  of  liquid  hydi-ogeo 
was  possible  on  a  small  scale,  its  solidification  was  attempted  by  boil- 
ing under  reduced  pressure.  At  this  time,  to  make  the  isolation  of 
the  hydrogen  as  effective  as  possible,  the  liquid  was  placed  in  a  small 
vacuum  test-tube,  placed  in  a  larger  vessel  of  the  same  kind. 
Excess  of  hydrogen  partly  filled  the  annular  space  between  the  two 
vacuum  vessels.  On  diminishing  the  pressui-e  by  exhaustion  the 
evaporation  was  mainly  thi-own  on  the  liquid  hydrogen  in  the  annular 
space  between  the  tul>c.s.  In  this  arrangement  the  outside  surface  of 
the  smaller  tube  was  kept  at  the  same  temperature  as  the  inside,  so 
that  the  liquid  hydrogen  for  the  time  was  effectually  guarded  from 
influx  of  heat.  With  .such  a  combination  the  liquid  hydrogen  was 
evaporated  under  diminished  pressure,  yet  no  .solidification  took  place. 
Seeing  experiments  of  this  kind  required  a  large  supply  of  the  liquid, 
other  problems  were  attacked,  aud  further  attempts  in  the  direction 
of  producing  the  solid  for  the  time  abandoned.  During  the  coui-ac  of 
the  present  year  many  varieties  of  electric  resistance  thermometei-s 
have  been  under  observation,  and  with  some  of  these  the  reduction  of 
temperature  brought  about  by  exhaustion  was  investigated.  Ther- 
mometers constructed  of  platinum  and  platinum-rhodium  (alloy)  wci'e 
only  lowered  l^'^  C.  by  exhaustion  of  the  liquid  hydrogen,  and  they 
all  gave  a  boiling-point  of  —245^  C,  whei-eas  the  reduction  in  tem- 
perature by  evaporation  in  vacuo  ought  to  be  5^  C,  and  the  true 
boiling-point  from  -252=  C.  to  -263-^  U.  In  the  course  of  these 
experiments  it  was  noted  that  almost  invariably  a  slight  leak  of  air 
occurred  which  became  api>arent  by  its  being  frozen  into  an  air-snow 
in  the  interior  of  the  vessel,  where  it  met  the  cold  vapor  of  hydrogen. 
When  conducting  wires  covered  with  silk  have  to  pass  through  India 
rubber  corks,  it  is  very  difficult  at  these  exces-sivcly  low  temperatures 
to  prevent  leaks,  when  corks  get  as  hard  as  a  stone  and  cements  crack 
in  all  directions.  The  effect  of  this  slight  air  leak  on  the  liquid 
hydrogen  when  the  pressure  got  reduced  below  60  millimeters  was 
very  remarkable,  as  it  suddenly  solidified  into  a  white  froth-like  mass 
like  frozen  foam.  My  fii-st  notion  was  that  this  body  might  be  a  sponge 
of  solid  air  containing  liquid  hydrogen.  The  ordinary  solid  air  obtained 
by  evaporation  in  vacuo  is  a  magma  of  solid  nitrogen  containing  liquid 
oxygen.  The  fact,  however,  that  this  white  solid  froth  evaporated 
completely  at  the  low  pressure  without  leaving  any  substantial  amount 
of  solid  air  led  to  the  conclusion  that  the  body  after  all  must  be  solid 
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hydi-ogen.  ThU  suniiiso  wa;*  conHiiniKi  by  observing  that  if  the  pres- 
sure, and  therefore  the  t«'mpemture,  of  the  hydrogen  wa.t  allowed  to 
rise,  the  solid  melted  whoii  the  pi-essure  rowhed  about  55  millimeters. 
The  failure  of  the  early  experiment  must  then  have  been  due  to  super- 
cooling of  the  liquid,  which  presumably  is  prevented  by  contact  with 
metallic  wires  and  traces  of  s<»lid  air.  On  the  other  hand,  it  is  possi- 
ble the  pressure  under  which  the  ebullition  took  place  might  never 
have  been  low  enough  to  reach  the  solid  state. 

For  the  lecture  demonstration  of  solid  hydrogen  the  apparatus  may 
be  most  conveniently  arranged  as  is  shown  in  tig.  7.  The  small  vacuum 
tube  ]i,  after  )H^ing  tilled  with  liquid  hydrogen,  is  iuimersc<l  in  a  larger 
vessel  of  the  same  kind  tilled  with  liquid  air.  By  this  arraugementthe 
rate  of  the  liquid  hydragen  evaporation  is  so  much  diminished  that  it 
does  not  exceed  that  of  liquid  air  in  the  same  vessel  when  used  in  the 
ordinary  way.  On  gradually  applying  exhaustion  to  the  liquid  hydro- 
gen it  is  fori'pd  from  its  effective  heat  isolation  to  pass  to  a  lower  tem- 
pemture,  and  when  the  exhau-stion  reaches  50  millimeters  the  ma.ss  sud- 
denly begins  to  solidify  into  a  froth-like  material.  Inoixlertoa-scertain 
the  apijearancc  of  the  hydrogen,  made  by  cooling  the  liquid  produi-ed 
in  a  hermetically  closed  vessel,  the  following  experiment  was  armnged. 
A  flask  alwut  a  titer  capacity,  to  which  a  long  gla.ss  tube  was  sealed, 
A,  B,  fig.  5,  was  tilled  with  pure  dry  hydrogen  and  sealed  off.  The 
lower  portion  B  of  this  tube  was  calibrated.  It  was  surrounded  with 
liquid  hydrogen  placed  in  a  vacuum  vessel  arranged  for  exhaustion. 
As  soon  as  the  pressure  of  the  boiling  hydrogen  got  well  reduced 
below  that  of  the  atmo.sphere.  perfectly  clear  liquid  hydrogen  began 
to  collect  in  the  tutie  B.  and  could  be  observed  accumulating  until  the 
liquid  hydrogen  surrounding  the  outside  of  the  tul>e  suddenly  passed 
into  a  solid  white  foam-like  mass,  almost  filling  the  whole  space.  As 
it  was  not  possible  to  see  the  condition  of  the  hydrogen  in  the  interior 
of  the  tube  B  when  it  was  covered  with  a  large  quantity  of  this  solid, 
the  whole  apparatus  was  turned  upside  down  in  order  to  sec  whether 
any  liquid  would  run  down  from  B  into  the  flask  A.  Liquid  did  not 
flow  down  the  tube,  so  the  liquid  hydrogen  with  which  the  tube  was 
partly  titled  must  have  solidified.  By  placing  a  strong  light  on  the  side 
of  the  vacuum  test  tube  opposite  the  eye,  and  maintaining  the  exbau.'<- 
tion  at  a))out  25  millimeters  gradually  the  hydi-ogen  froth  became  less 
opaque,  and  the  solid  hydi-ogen  in  the  tulie  B  was  sc*m  to  be  a  trans- 
parent ice,  but  the  surface  looked  frothy.  This  fact  prevented  the 
solid  density  from  Ix^ing  determined,  but  the  maximum  fluid  density 
has  been  approximately  ascertained.  This  was  found  to  be  0.086,  the 
liquid  at  its  boiling  point  having  the  density  0,07.  The  solid  hydro- 
gen melts  when  the  pressure  of  the  saturated  vapor  reaches  about  56 
millimeters.  In  order  to  determine  the  temperature  of  sotidifieatioa 
two  constant  volume  hydrogen  thermometei-s  were  used.     One  at  O''  C 
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contiuned  hydrogen  under  a  pressure  of  269.8  millin)ct«rs,  and  the 
otber  under  a  pressure  of  127  millimeters.  The  mean  temperature  of 
the  Bolid  was  found  to  be  W^  absolute  under  a  pressure  of  35  milli- 
metera.  AJI  the  attempts  made  to  get  an  accurate  eiectrio  resistance 
thermometer  for  such  low  temperature  observations  have  been  so  far 
unsatisfactory.  Now  that  pure  helium  is  definitely  pn>ved  to  l>e  more 
volatile  than  hydrogen,  this  body,  after  passing  through  a  spiral  glass 
tube  immersed  in  solid  hydrogen  to  separate  all  other  gases,  must  be 
compared  with  the  hydrogen  thermometer.  Taking  the  boiling  point 
as  Sl°  absolute  under  760  millimeters,  and  the  similar  value  under  3& 
millimeters  is  16°  absolute,  then  the  following  approximate  formula 
for  the  vapor  tension  of  licjuid  hydrogen  below  one  atmosphere  is 
derived: 

log j)=6. 7341-83. 28^T  mm., 

where  T  is  the  absolute  temperature,  and  p  the  pressure  in  millimeters. 
This  formula  gives  for  55  mm.  a  temperature  of  16.7^  absolute.  The 
melting  point  of  hydrogen  must  therefore  be  about  16°  or  17°  abso- 
lute. It  has  to  be  noted  that  the  pressure  in  the  constant  volume 
hydrogen  thermometer,  used  to  determine  the  temperature  of  solid 
hydrogen  boiling  under  35  mm.,  had  been  so  far  reduced  that  the 
measurements  were  made  under  from  one-half  to  one-fourth  the 
saturation  pressure  for  the  temperature.  When  the  same  thennom- 
eters  were  used  to  determine  the  boiling  point  of  hydrogen  at  atmos- 
pheric pressure,  the  internal  gas  pressure  was  only  reduced  to 
one-thirteenth  the  saturation  pressure  for  the  tempei-atures.  The 
absolute  accuracy  of  the  boiling  points  under  diminished  pressure 
must  be  examined  in  some  futui'e  paper.  The  practical  limit  of  tem- 
perature we  can  command  by  the  evaporation  of  solid  hydrogen  ia 
from  14°  to  15°  absolute.  In  passing  it  may  be  noted  that  the  critical 
temperature  of  hydrogen  being  3u°  to  32^  absolute  the  melting  point 
is  aijout  half  the  critical  temperature.  The  melting  point  of  nitrogen 
is  also  about  half  its  critical  temperature.  The  foam- tike  appearance  of 
the  solid,  when  produced  in  an  ordinary  vacuum  vessel,  is  due  to  the 
small  density  of  the  liquid  and  the  fact  that  rapid  ebullition  is  sub- 
stantially taking  place  in  the  whole  mass  of  liquid.  The  last  doubt  as 
to  the  possibility  of  solid  hydrogen  having  a  metallic  character  has 
been  removed  and  for  the  future  hj'drogen  must  be  classed  among 
the  nonmetallic  elements. 

All  solid  bodies  by  themselves  make  verj'  unsatisfactory  cooling 
agents  unless  we  can  use  them  to  cool  some  liquid.  \ow,  with  solid 
hydrogen  we  can  cool  no  liquid  other  than  hydrogen,  so  that,  for 
effective  cooling  we  must  use  the  liquid  just  above  its  freezing  \K)int, 
which  ia  about  16°,  It  will,  however,  take  a  long  time  to  exhaust  the 
wide  tield  of  investigation  which  the  use  of  liquid  hydrogen  opens  up, 
so  we  may  proceed  to  illustrate  some  of  its  further  applications.  lu 
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foriiii!!'  lectures  the  relation  of  electrical  resistance  to  tempei-ature  haa 
been  diacussed,  iind  it  was  exiwri mentally  demonstrated  that  the  cui-ves 
of  resistance  of  the  pure  metals  all  pointed  to  this  quality  disappear- 


ing or  becoming  exceeding  small  at  the  absolute  zero.  This  fact  has 
b(!en  confinnetl,  even  with  the  most  highly  conducting  metals,  down 
to  the  lowest  temperature  we  can  command.  The  experiment  illus- 
trated in  tig.  9  shows  to  an  audience  the  diminution  of  resistance  of 
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pure  copper  wire  when  cooled  in  liquid  hydrogen  in  contrast  t-^  liquid 
ftir.  An  incandescent  lamp  C  has  been  placed  in  circuit  with  a  fine 
coil  of  copper  wire  A,  immersed  in  liquid  air,  the  resistances  being  so 
adjusted  that  the  filament  in  C  is  just  visible  when  the  current  passes 
under  these  conditions.  Now,  on  removing  the  coil  from  the  liquid- 
air  vessel  and  placing  it  in  another  similar  vessel  filled  with  liquid 
hydrogen,  a  great  increase  in  the  brilliancy  of  the  lamp  is  observed. 
Afi  a  matter  of  fact,  the  sample  of  copper  has  its  resistance  in  liquid 
air  reduced  to  about  one-tweDtieth  of  what  it  is  at  the  temperature  of 
melting  ice,  whereas  iu  liquid  hydrogen  the  resistance  is  reduced  to 
one-hundredth  of  the  same  amount.  In  other  words,  the  resistance  in 
liquid  hydrogen  is  only  about  one-tifth  of  what  it  is  in  liquid  air.  The 
interesting  point,  however,  is  that  theoretically  we  should  infer, 
from  experiments  made  at  higher  temperatures,  that  at  a  temperature 
ol  —223°  C.  the  copper  should  have  no  resistance  or  it  should  have 
become  a  perfect  conductor.  As  this  is  not  the  case,  even  at  the 
temperature  of  —253'',  we  must  infer  that  the  curve  corelating  resist- 
ance and  temperature  tends  to  become  asymptotic  at  the  lowest 
temperatures. 

Liquid  hydrogen  is  a  most  useful  ^ent  for  the  production  of  high 
vacua  and  for  the  separation  of  gases  from  air  that  may  be  more  vol- 
atile than  oxygen  or  nitrogen.  An  experiment  illustrating  the  produc- 
tion of  a  high  vacuum  is  shown  in  fig.  10,  where  A  is  the  large  electric 
disebat^ing  tube,  to  which  has  been  attached  a  narrow  glass  tube  twice 
bent  at  right  angles  and  terminating  in  a  bulb  at  the  end  for  immer- 
sion in  the  liquid  hydrogen.  The  rapidity  with  which  the  vacuum  is 
attained  is  shown  by  the  rate  at  which  the  striation  in  the  tube 
changes  and  the  phosphorescent  state  supervenes.  Another  rough 
illustration  of  the  application  of  cold  to  effect  the  separation  of  a  com- 
plex mixture  of  gases  is  shown  in  fig,  8,  Coal  gas  is  passed  in  suc- 
cession through  the  U-tubes  F,  G,  and  H,  made  of  ordinary  gas-pipe, 
having  small  holes  at  B,  C,  D,  and  E,  in  order  that  a  fiame  may  be 
produced  before  and  after  each  vessel  is  passed.  Each  of  the  U-tubes 
is  placed  in  a  vacuum  vessel,  and  the  first  cooling  substance  the  gas  in 
its  transit  meets  is  solid  carbonic  acid  in  F,  then  liquid  air  in  U,  and 
finally  liquid  hydrogen  in  H.  At  the  temperature  of  the  carbonic- 
acid  bath  all  the  easily  condensable  hydrocarbons  separate,  and  conse 
qently  the  flame  C  is  less  luminous  than  B.  The  liquid-air  bath  con- 
denses the  ethylene  and  a  large  part  of  the  marsh  gas  and  allows  the 
carbonic  oxide  and  the  hydrogen  to  pass  ttirough,  so  that  fiame  D  is  less 
luminous  than  C.  Finally,  after  the  liquid-hydrogen  bath,  nothing 
escapes  condensation  but  free  hydrogen,  the  carbonic  oxide  and  any 
marsh  gas  being  solidified;  the  result  is,  the  flame  E  is  almost  invisible. 

A  really  practical  application  of  liquid  hydrogen  is  the  purification 
of  helium  obtained  from  the  gases  emitted  by  the  mineral  springs  of 
Bath.    Although  the  helium  only  amounts  to  one-thourfandth  part  by 
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volume — the  nine  hundred  and  ninety-nine  being  chiefly  nitrogen — yet 
the  low  temperature  method  of  separation  can  be  successfully  applied. 
Now  that  we  know  definitely  the  approximate  values  of  some  of  the 
more  important  physical  constants  of  liquid  hydrogen,  it  is  interesting 
to  look  back  at  the  values  that  have  been  deduced — say  for  such  a 
constAnt  as  the  density — by  various  workers  using  entirely  differeot 
methods.  The  following  table  gives  some  of  the  more  importaDt 
values  of  the  density  of  hydrogen  under  the  different  conditions  io 
which  it  eaters  into  ot^nic  and  inoi^nic  bodies: 

Detaiiy  of  hydrogen  in  diffcrnd  cimditioni. 

Kopp Organic  bodies 0.18 

Amagat Limit  of  (laBeoua  compremioii 0. 12 

Wroblewaki Van  der  Waal b'b  equation  (critical  denaity) 0.027 

Vander  Waale. -Superior  limit  of  density 0.82 

Graham Palladium  alloy 2.0 

Dewar ralladium  alloy 0.63 

Dewar Li<)uid  hydrogen  at  boiling  point 0.07 

My  density  at  the  boiling  point  agrees  substantially  with  that  which 
can  be  deduced  from  Wroblcwski's  form  of  the  Van  der  Waala  equa- 
tion. The  deduced  densities  of  Kopp  for  oi^nic  bodies  and  Ani^at 
for  gaseous  compression  are  l>oth  about  the  same  value,  and  may  be 
taken  as  a  mean  to  be  twice  the  observed  density  of  hydrogen  in  the 
liquid  state.  The  conclusions  of  Graham  and  myself  touching  the 
density  of  the  hydrogen  in  the  so-called  alloy  of  palladium,  must  be 
regarded  as  altogether  exceptional.  Even  my  value  would  exceed  the 
density  of  the  stuff  constituting  the  real  gas  molecule,  according  to 
the  theory  of  Van  der  Waals.  In  order  to  harmonize  the  palladium 
hydrogen  results  with  those  deduced  from  the  study  of  organic  bodies, 
we  must  assume  that,  during  the  formation  of  the  so-called  hydroge- 
nium,  a  condensation  of  the  palladium  sufficient  to  increase  its  density 
by  one-fifth  mu.'^t  take  place.  This  is  by  no  meatis  an  unreasonable 
hypothesis.  The  mode  of  determining  the  density  of  hydrogen  at  its 
melting  point  has  been  previously  described,  and  found  to  be  0.086. 
In  the  same  way  the  approximate  values  for  the  densities  of  nitrogen 
and  oxygen  at  their  melting  points  have  teen  found,  their  respective 
values  being  1.07  and  1.27.  The  following  table  shows  the  compari- 
son between  my  results  and  those  given  by  Aniagat  for  high  gaseous 
compressions: 
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It  will  be  noted  that  the  density  of  gaseous  hydrogen  at  3,000  atmos- 
pheres is  actually  greater  than  the  maximum  density  of  the  liquid 
state,  but  neither  in  the  case  of  nitrogen  nor  oxygen  does  the  density 
at  the  same  pressure  reach  the  fluid  density.  Amagat's  limiting  value 
for  oxygen  under  4,000  atmospheres  would,  however,  be  almost  iden- 
tical with  mine. 

'During  the  course  of  my  inquiries  sufficient  data  have  been  accumu- 
lated to  construct  Waterston  formulee  giving  the  approximate  densities 
of  liquid  hydrogen,  nitrogen,  and  oxygen  in  each  case  through  a  wide 
range  of  temperature.  The  equation  for  each  substance  is  given  in  the 
following  table: 

Lli/uid  atomic  votumet. 


Hydrogen  =  i'!.  3  - 

8.«log    (32° 

-0 

NitTOften    =  30. 0  - 

11.00  log  (127° 

-') 

Oiygen      =  32. 6  — 

10. 22  log  <  156' 

-0 

Absolute    ObHerred  at 
leru.     me] ling  point. 

1.  Atomic  volume  of  hydrogem 

2.  Atomic  volume  of  hydrogen/" 

3.  Atomic  volume  of  nitrogen     =12.  S  13. 1 

4.  Atomic  vol nme  of  oxygen      =10.20     .12.0 

From  these  formulee  we  find  the  respective  hypothetical  atomic  vol- 
umes of  hydrogen,  nitrogen,  and  oxygen  at  the  absolute  zero  to  be 
10.3,  12,8,  and  10,2.  My  observed  minimum  fluid  values  were  11,7, 
13.1,  and  12.6.  The  coefficients  of  expansion  of  the  liquids,  taken  in 
the  same  order  at  their  respective  boiling  points,  are  0.024, 0.0056,  and 
0.0046.  Thus  liquid  hydrogen  had  a  coefficientof  expansion  five  times 
greater  than  that  of  liquid  oxygen.  Further  inquiry  will  enable  the 
constants  in  these  equations  to  be  determined  with  greater  accui-acy. 
In  the  meantime,  however,  they  give  us  general  ideas  of  the  order  of 
magnitude  of  the  quantities  involved. 

I  have  to  thank  Mr.  Robert  Lennox  for  efficient  aid  in  the  arrange- 
ment and  execution  of  the  difficult  experiments  you  have  witnessed. 
Mr.  Heath  has  also  heartily  assisted  iu  the  preparations. 
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By  RoBRRT  H.  Thurston,  LL.  D,,  Dr.  Eng., 

Director  of  Sit/Ui/  College,  Cornell  [iiitfmfy. 


Men  of  science,  familiar  with  the  i-osourcos  of  our  globe  in  the 
domain  of  power  pixiduction  and  utilization,  and  especially  all  who 
have  considered  the  origin,  extent,  and  rate  of  extinction  of  the  quan- 
tities of  energy  available  for  the  purposes  of  civilized  humanity,  have, 
for  many  years,  concerned  themselves  seriously  with  the  question, 
"  When  and  how  shall  we  reach  and  pass  the  critical  period  at  which 
the  stores  of  now  available  latent  enei^y  of  fossil  fuel  shall  have 
become  exhausted  t " 

While  this  problem  is  not  immediately  pressing,  it  can  not  be  long, 
time  being  gauged  by  the  periods  of  the  historian — it  is  still  more 
limited  in  the  view  of  the  geologist — before  our  stock  of  coal  will  be 
8o  far  depleted  as  to  make  serious  ti-ouble  in  our  whole  social  system. 
Professor  I^eslie,  when  State  geologist  of  Pennsylvania,  and  the  lata 
Mr,  Eckley  B.  Cox,  estimated  the  probable  life  of  the  coal  supplies  of 
that  State,  at  the  present  rate  of  consumption  and  accelemtion,  to  be 
something  like  a  century,  and  the  close  of  the  twentieth  century  will 
be  very  likely  to  see  an  end  of  such  manufactures  in  that  State  as 
depend  upon  cheap  fuel  and  proximity  to  the  coal  deposits.  In  Great 
Britain  the  case  is  probably  vastly  more  serious  than  in  the  United 
States,  for  there  the  coal  beds  are  far  more  restricted  in  area,  and  in 
many  localities  are  already  extensively  depleted,  with  prices  rising  as 
a  consequence.  The  same  is  to  be  said,  in  perhaps  somewhat  less 
degree,  of  the  fuels  of  the  continent  of  Europe — and  France,  and 
particularly  Germany,  may  ere  long  feel  the  effect  of  a  stringency  in 
the  fuel  market. 

Enormous  deposits  of  coal  remain  untouched  in  other  sections  of 
the  globe,  and  China  can  probably  supply  the  world  for  many  years; 
but  a  time  must  come,  and  that  within  a  few  generations  at  most,  when 
some  other  energy  than  that  of  combustion  of  fuel  must  be  relied 
upon  to  do  a  fair  share  of  the  work  of  the  civilized  world,  and  this 
will  probably  by  that  time  mean  the  whole  of  the  world. 

Water  power,  which  is  the  next  most  important  source  of  energy  in 
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manufactures,  will  do  much  for  us,  and  that  will  last  ae  long  as 
humanity  survives  on  this  jflobe;  but  it  is  doubtful  whether  it  can  be 
considered  as  a  possible  complete  substitute  for  Hteam  power.  Yet 
the  total  a^'ailable  water  power  of  the  world  will  gi-eatly  ameliorate 
the  diiBculties  likely  to  arise  from  extinction  of  fuel  supplies.  The 
mean  annual  rainfall  of  the  world  is  36  inches,  and  this  means  about 
50,000,000  cubic  feet  per  square  mile  per  annum  falling  on  the  land 
of  both  hemisphei-es.  Taking  the  mean  available  hei}rht  of  fall  as 
10  feet,  and  assuming  it  possible  to  store  the  water  effectively  in 
ample  reservoirs,  this  would  mean  500,000,000x60=30,000,000,000 
foot-pounds  of  available  energy,  and,  if  expended  in  three  thousand 
working  hours,  it  would  give  a  total  of  10,000,000  horsepower  per 
square  mile  for  such  countries  as  might  be  able  to  utilize  such  a  fall. 
This,  however,  h  but  a  small  fraction  of  the  inhabited  area  of  the 
globe.  As  a  fair  estitmite,  the  data  for  the  Mississippi  River,  in  the 
United  States,  may  be  taken.  This  stream  drains  about  1.250,000 
square  miles,  with  a  rainfall  of  30  inches,  an  average,  for  each  foot  of 
fall,  of  11,000,000,000,000  foot-pounds  per  annum.  The  fall  is  6 
inches  per  mile,  average,  and  the  energy  capable  of  use  for  that  area 
is  about  a  quarter  of  a  million  horsepower  per  square  mile. 

These  figures  are  enormous,  and  give  the  impression  that  we  need 
not  feel  uneasy  about  our  power  supply,  even  though  we  entirely  extin- 
guish our  fuel  deposits.  They  are,  however,  of  little  value;  for  they 
give  no  idea  of  the  practically  available  enei^y  of  rainfall,  since  it  is 
not  possible  to  make  use  of  more  than  a  minute  fraction  of  this  total, 
and  it  is  not  at  all  probable  that  we  ever  can.  In  the  whole  length  of 
the  Mississippi  River  there  are  but  three  available  water  powers— one 
with  78  feet  fall,  at  Minneapolis,  one  with  24  feet,  at  Des  Moines,  and 
one  with  2'2  feet,  at  Rock  Island.  Taking  the  average  flow  as  a  half 
million  cubic  feet  per  second  utilized,  the  water  powers  at  these  points 
would  be  a  total  of  about  7,000,000  horsepower  denved  from  an  area 
of  a  million  and  a  quarter  square  miles,  and  directly  from  but  a  frac- 
tion of  that  area,  situated  above  the  lowest  fall. 

The  deduction  must  evidently  be  that  water  power  alone  can  not  be 
depended  upon  to  provide  the  energy  that  will  l>c  needed  by  future 
generations  should  fuel  be  unavailable,  although  it  is  equally  obvious 
that  streams  are  likely  to  provide  immen.se  quantities  of  power,  and 
that  manufactures  in  those  coming  days  will  gioup  themselves  about 
the  mill  sites  or  within  distances  from  them  which  can  be  spanned  by 
the  electric  high-tension  wire.  Of  this  process  of  displacement  of 
manufactures,  Nia^ra  and  Buffalo  are  already  giving  impressive  illu-s- 
trations.  As  time  goes  on  the  part  to  be  taken  in  power  production 
by  waterfalls  will  become  increasingly  important.  It  is  already  vastly 
greater  and  more  impoitant  economically  than  is  generally  supposed. 
There  are  known  water  powers  in  the  United  States  able  to  furnish,  if 
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f  u  Uy  utilized,  somethiDg  like  200,000,000  borsepower.  Niagara,  at  the 
falls  alone,  can  supply  between  4,000,000  and  5,000,000,  and  a  consid- 
ex*able  additional  quantity  from  the  rapids  above  and  below  the  falls, 
^nd  numerous  other  water  powers  distributed  over  the  hilly  and  moun- 
tainous portions  of  the  country  will  in  time  no  doubt  become  centers 
of  power  production  and  distribution.  The  one  threateninfj  aspect  of 
the  hydraulic  power  problem  is  the  extreme  probability  that  the  con- 
tinued destruction  of  forests  and  vegetation  will  make  the  streams 
rrtore  and  more  unreliable  for  continuous  supply. 

Wind  power  is  another  source  of  available  energy,  like  water  power, 

jjet"i ving  its'  origin  from  the  energy  of  the  sun's  rays,  which  may,  as 

time  g-oes  on,  provide  a  continually  larger  amount  of  utilizable  energy 

fc>i-  the  use  of  mankind;  but  it  is  subject  even  in  greater  degree  than 

■wa-te*^  power  to  the  objection  that  it  la  variable  and  unreliable  for  steady 

■^^tyMrlf-      T^'fi  winds  are  continually  rising  and  falling.     "As  variable  as 

the   -winds"  well  indicates  the  uncertainty  of  atmospheric  currents  as 

a,  fioiif*^^  of  power  for  industrial  purposes.     Rising  to  a  gale  and  fall- 

in£C    ^'-^  *  calm,  alternately,  the  portion  of  the  time  during  which  this 

i>o*v«'i'  i«  actually  available  is  small,  and,  still  worse,  its  available  periods 

»»i-e   »**   ''^^'y  ^  come  at  unsuitable  hours  and  seasons  as  when  wanted. 

'r>t~tH'&   i«  ample  wind  power  for  all  purposes,  undoubtedly,  could  it  be 

jjlated,  stored,  and  economically  availed  of;  but  while  no  one  can 

-vp-bnt  may  or  may  not  be  accomplished  by  the  coming  inventor, 

1,    j-,a,nic,  and  engineer,  it  does  not  seem  likely  that  this  particular 

|-,|em  will  be  successfully  solved  even  under  the  stimulus  of  van- 

rr*itia-i  power  is  still  another  possible  source  of  industrial  energy,  and 
■^liicb  also  has  its  own  and  peculiar  difficulties  of  utilization.  It 
5"*  x-eg'ti'"''  and  well -measured  and  well-known  quantity;  its  hours  of 
■^  **  j^r»d  fall,  and  the  heights  of  rise  and  fall  are  well  established.  But 
^*f^  —  it  1*9  sought  to  design  a  system  of  utilization  that  shall  be  cheap, 
^  (.  jcfthle,  reliable,  and  compact— one  that  may  compete  with  other 
pro^  systems — it  is  found  to  be  a  very  difficult  and  for  the  time  at 
P***^   jjyjpi-acticable  system  of  power  production. 

I®*  the  monient,  engineers  and  men  of  science  are  studying  the  art 
lycing  to  harness  the  direct  rays  of  the  sun,  and  the  solar  engine 
o^  ""  :Hrig'-'*P''*^'*'  'itei-est.  It  is  no  novelty,  and  many  inventors  have, 
is  ^^  ,.y  past,  worked  upon  this  attmctive  problem;  but  probably  at 
foi'  y  jjj   the  past  has  this  matter  assumed  importance  to  so  many 

n<*  "  Ljful  and  intelligent  men  or  excited  so  much  general  interest. 
tbo"^^^  j(.j^jion,  the  great  inventor  and  mechanic,  when  writing,  in 
,Tobt>  ■'  .gjjj;  quarto  volume  which  he  intended  should  l>e  the  memorial 
XS'^^1  . .  >g'^  work,  devoted  a  very  lai^e  proportion  of  its  space  to  the 
^,f    hi"  jjjj^  solar  engines  and  of  the  scientific  investigations  made 

ac*^*^""  ^c  of  his  work  for  the  purpose  of  ascei*taining  the  amount 

i„  the   couia^ 
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of  power  thus  derivable  from  the  dh-ect  rays  of  the  sun.  His  appa- 
ratus wait  simple — merely  a  conical  mirror  or  reflector,  receiving 
the  beat  of  the  sun  on  as  large  an  area  as  was  desired  and  was  found 
practicable,  and  directing  it  to  a  focus  where  was  placed  a  steam  boiler 
or  an  air  cylinder  within  which  the  fluid,  heated  to  a  high  temperature, 
became  available  for  use  in  a  steam  or  an  air  eDgine.  He  reported  the 
results  of  his  experiments  thus:* 

"It  has  already  been  stated  that  the  result  of  repeated  experiments 
with  the  concentration  apparatus  shows  that  it  abstracts  on  an  averse, 
during  nine  hours  a  day,  for  all  latitudes  between  the  equator  and 
45°,  lully  3.5  units  of  heat  per  minute  for  each  square  foot  of  area 
presented  perpendicularly  to  the  sun^s  rays.  Theoretically  this  indi- 
cates the  development  of  an  energy  equal  to  8.2  horsepower  for  an 
area  of  100  square  feet  On  grounds  before  explained,  our  calcula- 
tions of  the  capabilities  of  sun  power  to  actuate  machinery  will,  how- 
ever, be  based  on  1  horsepower  developed  for  100  square  feet  exposed 
to  solar  radiation.  The  isolated  districts  of  the  earth's  surface  suffer- 
ing from  an  excess  of  solar  heat  being  very  numerous,  our  space  only 
admits  of  a  glance  at  the  sun-burnt  continents. 

"There  is  a  rainless  region  extending  from  the  northwest  coast  of 
Africa  to  Mongolia,  9,000  miles  in  length  and  nearly  1,000  miles  wide. 
Besides  the  noilh  African  deserts,  this  region  includes  the  southern 
coast  of  the  Mediterranean,  east  of  the  Crulf  of  Oabes,  Upper  Egypt, 
the  eastern  and  part  of  the  western  coast  of  the  Red  Sea,  part  of  byria, 
the  eastern  part  of  the  countries  watered  by  the  Euphrates  and  Tigris, 
eastern  Arabia,  the  greater  part  of  Persia,  the  extreme  western  part 
of  China,  Thibet,  and,  lastly,  Mongolia.  In  the  Western  Hemisphere, 
Lower  California,  the  table-land  ofMexicoand  Guatemala,  and  the  west 
coast  of  South  America,  for  a  distance  of  more  than  2,000  miles,  suffer 
from  continuous  intense  radiant  heat. 

"Computations  of  the  solar  energy  wasted  on  the  vast  areas  thus 
specified  would  present  an  inconceivably  great  amount  of  dynamic 
force.  Let  us,  therefore,  merely  estimate  me  mechanical  power  that 
would  result  from  utilizing  the  solar  heat  on  a  strip  of  land  a  single 
mile  in  width  along  the  ramless  western  coast  of  America,  the  south- 
ern coast  of  the  Mediterranean,  before  alluded  to;  both  sides  of  the 
alluvial  plain  of  the  Nile  in  Upper  Egypt,  both  sides  of  the  Euphrates 
and  Tigris  for  a  distance  of  4O0  miles  above  the  Persian  Gulf,  and, 
finally,  a  strip,  1  mile  wide,  along  the  rainle.-<s  portions  of  the  shores 
of  the  Red  Sea,  before  pointed  out.  The  aggregate  length  of  these 
strips  of  land,  selected  on  account  of  being  accessible  by  water  com- 
munication, far  exceeds  8,000  miles.  Adopting  the  stated  length  and  a 
width  of  1  mile  as  a  basis  of  computation,  it  will  be  seen  that  this 
very  narrow  belt  covers  223,000,000,000  square  feet.  Dividing  the 
latter  amount  by  the  area  of  100  square  feet  necessary  to  produce  1 
hoi-sepower.  we  learn  that  22,300.000  solar  engines,  each  of  100  horse- 
power, could  be  kept  in  constant  operation  nine  hours  a  day  by  utiliz- 
mg  only  that  heat  which  is  now  wasted  on  the  assumed  small  fraction 
of  land  extending  along  some  of  the  water  fronts  of  the  sun-burnt 
regions  of  the  earth. 
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"Due  consideration  can  not  fail  to  convince  ua  that  the  rapid  ex- 
haoatioD  of  the  European  coal  fields  will  soon  cause  great  chan^ 
with  reference  to  international  relations  in  favor  of  those  countnea 
which  are  in  possession  of  continuous  sun  power.  Upper  Egypt,  for 
instance,  will,  in  the  coui-seofafew centuries,  derive  signal  aovaotage 
and  attain  &  high  political  position  on  account  of  her  pen>etual  sun- 
shine and  the  consequent  command  of  unlimited  motive  force.  The 
time  will  come  when  Europe  must  stop  her  mills  for  want  of  coal. 
Upper  Egypt,  then,  with  her  never-ceasing  sun  power,  will  invite  the 
European  manufacturer  to  remove  his  machinery  and  erect  his  mills 
on  the  firm  ground  along  the  sides  of  the  alluvial  plain  of  the  Nile, 
where  an  amount  of  motive  power  may  t)e  obtained  many  times  greater 
than  that  now  employed  by  all  the  manufactories  of  Europe." 

The  probable  value  of  the  quantity  of  enei^y  transmitted  to  the 
earth  from  the  sun,  according  to  the  conclusion,  after  extended  inves- 
tigation of  the  late  Prof.  De  Volson  Wood,  the  greatest  of  American 
thermodynamistM  of  the  nineteenth  century,  is  not  far  from  that 
obtained  by  Langley — 133  foot-pounds  per  square  foot  of  receiving 
area  per  second,  about  133 '550=0.24  horsepower,  or  the  equivalent  of 
4  square  feet  per  horsepower.'  As  actually  utilized,  Ericsson 
reported  his  solar  engine  to  supply  a  horsepower  fi-om  100  square 
feet  of  receiving  area,  on  a  bright,  clear  day,  and  other  experimen- 
talists, with  apparently  less  efficient  apparatus,  report  a  horsepower 
from  about  150  square  feet  in  sunshine. 

This  figure  is  confirmed  by  recent  experiments  at  Fassadena,  Cal., 
where  it  is  said  that  the  efficiency  i-eached  by  Ericsson  has  in  some 
cases  been  attained.  The  California  apparatus  includes  a  truncated 
conical  mirror,  33  feet  6  inches  in  diameter  at  the  top  and  15  feet  at 
the  bottom,  which  concentrates  the  rays  of  the  sun  received  upon  its 
1,788  facets  at  a  focus  where  a  boiler  is  placed,  and  where  steam  is 
made,  to  operate  a  steam  engine  of  small  power.  The  whole  moss  of 
glass  and  iron  composing  the  mirror  is  moved  by  a  suitably  arranged 
clock,  and  is  automatically  held  with  its  axis  directed  toward  the  sun. 
The  boiler  is  carried  on  the  same  frame  and  moves  with  the  mirror. 
It  is  13  feet  6  inches  in  length,  and  contains  about  10  cubic  feet  of 
water  and  8  cubic  feet  of  steam  apace.  The  steam  pressure  is  carried 
at  150  pounds  per  square  inch.  It  is  rated  at  10  horsepower.  This 
power  is  utilized  in  pumping  water,  but  the  reported  figures  are 
inconsistent  with  its  rating.  To  set  the  machine  in  operation  it  is 
only  necessary  to  turn  the  apparatus  by  hand  until  its  axis  points  at 
the  sun*s  disk  and  to  set  the  clockwork  in  operation.  To  stop  it 
requires  simply  the  turning  of  the  mirror  away  from  the  sun  and  the 
stopping  of  the  machinery  which  adjusts  it. 

■Wood  employs  this  value  ia  his  claaxic  and  remarkable  paper  "On  the  Luminif- 
eroaa  Ether,"  the  first  ratiooal  determination  of  the  physical  properties  of  the  ether, 
and  a  moat  important  and  impressive  work.  Phil.  Trans.  Magazine,  November, 
188&.    App.  to  Wood's  Thermodynamics;  N.  Y.,  1887.    J.  Wiley  &  Sons. 
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The  uncertainty  which  the  enjfineer  feels  regarding  this  type  of 
motor  is  due  largely  to  the  difficulties  arising  from  the  fact  that  the 
sun  is  not  always  available,  even  by  day,  and  that  it  is  entirely  out  of 
reach  for  power  purposes  for  one-half  the  twenty-four  hours,  and  he 
has  as  yet  no  idea  of  practical  methods  of  storage,  either  of  the  heat 
or  the  power,  for  use  during  cloudy  periods,  hours,  days,  and  weeks 
even,  when  the  engine  can  not  be  kept  in  steady  operation.  It  is,  of 
couFBc,  possible  that  much  improvement  may  be  effected  in  the  elec- 
tric storage  battery,  and  it  is  even  true  that  great  improvements  in 
that  precious  device  are  apparently  already  in  sight;  but  even  the 
ideal  and  perfect  battery,  could  it  be  realized,  would  probably  prove 
so  costly  and  so  enormous,  as  a  part  of  this  system  of  sun-power 
utilization,  as  to  make  its  use  practically  out  of  the  question  in  tem- 
perate regions  where  the  sky  is  overcast  so  often  that  not  over  one- 
half  the  direct  beat  of  the  sun  is  each  day,  on  the  average,  available, 
or  in  the  Tropics,  where  the  rainy  season  makes  it  unavailable  for 
months  together.  Where,  as  may  occasionally  be  practicable,  storage 
may  be  effected  by  raising  water  into  extensive  and  elevated  reservoirs 
provided  by  nature,  this  difficulty  may  prove  less  serious;  but  such 
exceptional  advantages  of  location  can  not  be  relied  upon  for  any 
important  aid  in  securing  geneml  utilization  of  the  solar  motor. 

For  necessarilj'  continuous  use  of  power  it  is  thus  evident  this  sys- 
tem gives  little  promise,  and  a  cotton  mill,  for  example,  that  must  go 
into  operation  only  when  the  sun  comes  out  from  behind  a  cloud  and 
go  out  of  action  the  instant  it  disappears  again  can  hardly  be  expected 
to  pay  dividends.  Water  power  must  be  its  reliance  when  coal  can 
not  be  employed,  rather  than  either  sun  power  or  wind  power,  and  its 
work  must  be  done  where  a  sufficient  amount  of  fall  and  flow  can  be 
had  to  meet  its  maximum  requirements,  even  at  the  period  of  minimum 
flow. 

The  availability  of  sunlight  and  heat  for  the  puiposes  of  the  engi- 
neer differs  greatly  in  different  places,  and  with  every  change  of  lati- 
tude, as  well  as  from  season  to  season.  This  variability  is  an  enor- 
mous handicap  where  it  is  sought  to  employ  this  energy.  The  remark 
is  attributed  to  Professor  Langley  that  all  the  coal  deposits  of  Penn- 
sylvania, if  burned  in  a  single  second,  would  not  liberate  a  thousandth 
part  as  much  heat  as  does  the  surface  of  the  sun  in  that  unit  of  time. 
Yet  it  is  evident  that  our  coal  deposits,  so  long  as  they  last,  are  worth 
more  to  us  than  all  the  available  heat  of  the  sun. 

In  conclusion,  we  may  thus  make  the  following  dctluctions: 

The  rapid  and  rapidly  increasing  destruction  of  our  stores  of  mineral 
fuel  must,  sooner  or  later,  bring  us  to  a  point  at  which  it  will  be  no 
longer  possible  to  derive  the  power  required  in  the  aits  from  that 

That  period  is  likely  to  be  ushered  in  before  many  geneiations,  and 
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is,  in  fact,  in  some  portiona  of  the  world  already  presenting  its  pre- 
liminary symptoms — difficulty  in  mining  and  increased  price  of  the 
fuel  in  the  market,  as  well  as  the  expressed  anxiety  of  statesmen  guard- 
ing the  interests  of  the  great  manufacturing  districts  of  Curope. 

The  ultimate  outcome  must  bo  the  gradual  extinction  of  our  fuel 
supplies,  and  if  no  substitute  can  be  devised  by  the  ingenuity  of  man, 
the  compulsory  retreat  of  the  civilized  races  into  the  tropics,  and, 
even  there,  the  interruption  of  the  manufacturing  industries  on  the 
scale  necessary  to  the  maintenance  of  civilized  life  as  we  know  it 
to-day. 

While  it  may  be  true,  as  has  recently  been  estimated,  that  the  bolt 
extending  thirty  degrees  on  either  side  of  the  equator  may  be  capable 
of  sustaining  a  population  of  ten  thousand  millions,  over  ten  times  the 
number  now  inhabiting  that  portion  of  the  globe,  such  a  population 
will  require  correspondingly  increased  power  supplies,  if  it  is  to  be  a 
civilized  population  as  we  to-day  define  the  word. 

The  available  sources  of  power  remaining  are  wind  and  water  power, 
and  the  utilization  of  the  energy  of  the  direct  rays  of  the  sun.  The 
last,  though  apparently  most  universally  available,  has  hitherto  been 
unused,  while  the  indirect  systems  of  employment  of  the  sun's  energy 
have  been  very  extensively  employed,  the  deduction  being  that  the 
former  process  presents  elements  of  peculiar  difGculty, 

Water  power  is,  to  date,  the  most  available,  and  the  common  substi- 
tute for  the  heat  engine.  When  the  existing  waterfalls  ai'e  generally 
utilized,  they  will  go  far  toward  meeting  the  needs  of  the  race  in  power 
production,  and  the  coincident  use  of  the  electric  current  for  the  dis- 
tribution of  energy  from  its  source  is  now  making  this  element  of  the 
problem  far  more  promising  of  solution  than  previously.  Yet  it  is 
doubtful  whether  water  power  will  suffice  for  all  the  requirements  of 
later  generations,  even  though  the  usual  result  of  stimulated  brain  work, 
checking  of  the  growth  of  population,  should  hold  down  the  numbers 
of  the  human  race  to  something  like  those  of  the  pi-esent  time. 

Wind  power,  although  even  more  generally  distributed  than  water 
power,  is  subject  to  its  own  peculiar  disadvantages  for  our  purposes, 
and,  while  likely  to  come  more  and  more  into  use  for  purposes  like 
that  of  mising  water  to  higher  levels,  and  where  steadiness  and  con- 
tinuity of  action  are  not  important,  will  probably  be  found  in  gi-eat 
part  unavailable  for  lai^e  powers  or  for  the  great  majority  of  uses 
which  commonly  demand  steadiness  of  power  and  action. 

Solar  motors  make  available  an  immense  quantity  of  active  energy 
by  direct  utilization.  They  are  evidently  practicable  in  the  sense  that 
there  is  no  inherent  mechanical  difficulty  in  their  construction  and 
operation.  They  are  subject,  however,  to  the  same  defects  of  lack  of 
steadiness  of  source  of  energy,  of  need  for  provision  for  extensive  and 
prolonged  storage,  if  to  be  generally  employed,  and  to  the  serious 
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objection  of  large  cost  per  unit  of  power  delivered.  Whether  this 
cost  will  be  so  great  as  to  balance  the  gain  coming  of  free  delivery  to 
the  machine  of  the  enei^y  to  be  transformed  can  be  known  only  when 
we  are  driven  to  the  serious  task  of  providing  substitutes  for  the  heat 
engines. 

Ericsson  made  a  working  steam  engine  deriving  its  energy  from  the 
direct  rays  of  the  sun,  and  proved  that  either  steam  or  air  could  be 
employed  in  such  an  engine  as  the  working  fluid.  He  also  showed 
what  is  the  amount  of  power  practically  derivable  from  the  sun's  rays 
through  this  method  of  utilization  of  the  beat  of  the  sun. 

Later  testimony,  so  far  as  it  goes,  confirms  bis  statements,  and  the 
mechanical  possibility  is  beyond  question  that,  in  future  centuries, 
when  our  fuels  are  gone,  we  may  largely  utilize  the  sun's  energy  in 
this  manner.  But  it  may  yet  be  found  that  this  threatened  exhaustion 
of  our  fuel  supplies  is  not  the  only,  or  perhaps  even  the  first,  limit 
likely  to  be  set  to  the  progress  of  the  world  of  humanity  on  our  globe. 
The  exhaustion  of  our  iron  ores,  like  our  platinum  deposib^,  the  min- 
gling with  the  air  of  the  products  of  combustion  of  our  fuels  while  they 
still  last,  the  pollution  of  our  water  supplies,  and  many  other  possible 
obstacles  to  progress  and  growth,  will  have  their  effects,  individual 
and  combined,  and  our  most -serious  problems  are  quite  likely  to  be 
found  at  an  earlier  date  than  that  of  the  loss  of  our  fuels;  the  last- 
named  danger  is,  in  fact,  already  upon  us.  This  generation  need  not 
attempt  to  cross  the  first  of  the  bridges  on  the  list,  although  a  very 
seductive  problem  is  presented  to  the  engineer.  This  problem  ma; 
be  enunciated  thus: 

To  find  a  system  of  gathering  and  storing  the  energy  of  the  direct 
rays  of  the  sun,  for  utilization  in  power  production,  by  a  special  form 
of  heat  motor;  to  find,  next,  a  method  of  transforming  the  energy 
thus  collected  into  mechanical  power;  and  to  discover  a  method  of 
storing,  for  later  use,  excess  power  obtained  during  periods  of  sunshine, 
tiding  over  the  sunless  periods. 

The  problem  will  be  solved  only  when  the  system  thus  perfected  is 
so  designed  and  constructed  as  to  be  able  to  provide  power  for  indus- 
trial purposes  so  cheaply  that  a  business  profit  can  be  made  through 
its  use. 
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THE  NEW  RADIATIONS— CATHODE  RAYS  AND  RONTGEN, 
RAYS." 


By  A.  Dastkb. 


It  i.s  generally  t^reed  that  one  of  the  cfaaracteriatic  features  of  our 
^c  is  the  enonnoiis  development  of  the  applications  of  science.  This 
is  a  commonplace  truth.  We  are  completely  surrounded  on  alt  sides 
by  these  applications;  they  are  intimately  mingled  with  all  the  condi- 
tions of  everyday  life;  they  take  part  in  our  housing,  our  clothing, 
our  lighting,  our  transportation  in  many  ways;  they  assist  us  in  com- 
municating with  our  friends,  far  and  near;  they  produce  our  portraits, 
or  they  simply  amuse  us,  so  that  they  can  not  be  ignored.  But  this 
utilitarian  aspect  of  modern  science  should  not  obscure  its  educational 
and  philosophic  value.  Referring,  for  instance,  to  contemporary 
physics  only,  the  mnrch  of  ideas  has  not  been  less  remarkable  than  the 
progress  of  discovery.  Theory  and  practice  have  advanced  side  by 
side.  Boldness  of  speculation  has  attained  the  same  height  as  skill  in 
experimentation.  It  may  be  said  in  this  connection  that  the  evolution 
of  theories  compares  favorably  with  the  marvelous  development  of 
facts,  and  the  philosophy  of  science  with  science  itself.  This  we  have 
previously  attempted  to  show  to  our  readers  in  our  essays  on  osmose, 
on  cryoscopy,  and  on  tonometry;  here  we  wish  to  examine  from  the 
same  point  of  view  ideas  that  have  accumulated  in  recent  years  con- 
cerning cathode  rays,  R^ntgen  rays,  and  on  the  radio-activity  of 
matter. 

I. 

The  term  "cathode  rays"  was  suggested  in  1883  by  the  well-known 
pbysii-ist.  Wiedemann,  who  had  been  engaged  in  studying  them,  but 
the  olijoct  to  which  the  name  was  applied  was  not  entirely  new. 
Cathode  rays  had  several  years  before  occasioned  celebrated  experi- 
ments in  the  hands  of  an  English  scientist,  W.  Crookes,  long  well 
known  through  other  original  investigations.  The  beautiful  experi- 
ments of  Crookes,  disseminated  by  their  author  throughout  Europe, 
had  attracted  the  attention  not  merely  of  the  majority  of  physicists, 
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but  of  the  public  it^telf.  Presented  tu  the  members  of  the  British 
Association  at  their  meeting  at  Sheffield  in  1871\  repeated  in  1880  at 
one  of  the  soirees  of  the  French  Association,  held  in  the  Observatory 
of  Paris,  these  new  and  brilliant  phenomena  aroused  immense  enthu- 
siasm. Crookes  attributed  them  to  a  special  condition  of  matter  whii'h 
he  called  "radiant  matter."  Cathode  mya  are  simply  radiant  matter 
electritied.  The  English  scientist  laid  great  stress  on  this  fourth  state 
of  matter;  he  believed,  and  others  believed  with  bim,  that  he  had 
opened  a  new  path  to  science. 

This  hope  was  vain,  or  at  least  deferred  for  a  long  time;  it  was  neces- 
sary to  wait  fifteen  years  until  the  di.-icovery  of  X-rays  (connected  with 
cathode  rays,  as  will  appear  presently)  attracted  the  attention  of  scien- 
tific men.  However,  investigators  had  not  abandoned  this  new  ti-ack; 
they  had  followed  it  with  perecverance  in  the  silence  of  their  laboi-a- 
tories.  Among  these  zealous  workers  must  be  named  in  the  first  rank 
the  German  physicist,  Hittorf,  to  whom  must  be  given  the  honor  of 
having  discovered  cathode  i-ays.  He  had  pointed  out  their  existence 
ten  years  before  W.  Crookes.  In  justice  to  him  cathode  rays  might  be 
called  Hittorf  rays,  for  the  same  reason  and  on  the  same  ground  that 
the  X-i-ays  are  called  KOntgen  rays,  and  the  radio-active  mys  Bec- 
querel  rays. 

Besides  Hittorf  should  be  named  Hertz,  Wiedemann,  and  Ebert, 
Schmidt,  Lonard,  and  J.  J,  Thomson,  whose  researches  were  grad- 
ually developed  until  1SS)5.  At  this  period  suddenly  appeared  the 
discovery  by  KOntgen,  and  invcsti>,ations  received  a  new  impulse. 
Soon  after  appeared  in  different  countries  the  publications  of  Birke- 
land,  of  Majorana,  of  W.  Wicn,  and  in  France  those  of  J.  Perrin,  of 
Villard,  of  Deslandres.  and  of  H.  Poincar^. 

These  numerous  researches  had  a  double  object.  It  was  proposed 
on  one  hand  to  complete  the  experimental  study  of  the  phenomena, 
and  on  the  other  hand  to  furnish  an  explanation  of  them.  The  task 
in  both  cases  is  verj-  atti-active,  but  the  intei-est  of  the  theoretical 
question  is  incompai-ably  greater.  On  this  new  field  of  cathode  phe- 
nomena was  renewed  the  discussion  which  for  moi-e  than  a  centurj' 
had  agitated  the  physicists  concerning  the  intei'pretation  of  luminous 
phenomena.  Cathode  rays  are  not  luminous  rays,  but  their  explana- 
tion was  equallj'  opposed  to  the  theory  of  emission  and  to  the  theory 
of  undulation,  to  ponderable  matter  and  to  ether.  The  discussion  of 
the  commencement  of  the  century  with  reference  to  light  was  renewed 
in  its  last  decade  with  reference  to  electricity.  Sensational  and  theat- 
rical effects  succeeded  each  other.  With  Crookes  in  1880  the  emission 
theory  triumphed;  the  cathode  ray  certainly  appeaixd  to  be  a  material 
projection,  a  ballistic  trajectorj'.  With  Lenard  in  18i*i  (who  had 
caused  the  cathode  rays  to  penetrate  a  vacuum  without  diminishing 
the  latter)  the  theory  of  an  immateiial  foundation,  rays  of  ether,  was 
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uppermost.  J.  J.  Thomson  in  18it7  returned  to  the  emission  of  par- 
ticles, but  these  projectiles  were  no  longer  molecules,  atoms  or  ions — 
the  smHlIest  division  of  matter  recognized,  but  the  fragments  of  atoms, 
atomic  corpuscles.  Finally,  M,  Villard  in  185*9  determined  the  nature 
of  these  bodies,  and  showed  that  they  were  formed  of  hydrogen,  in 
short  corpuscles  or  fragments  of  atomic  hydrogen.  It  was  shown 
that  the  cviibde  rays  exhibit  the  spectrum  of  hydrogen,  and  if  every 
trace  of  this  gas  is  successfully  removed  the  cathode  emission  is 
suddenly  suppressed. 

U. 

After  this  presentation  of  the  theoretical  interest  of  these  new  rays 
it  will  be  well  to  give  a  short  description  of  them.  Their  appearance 
is  dependent  upon  conditions  of  the  electric  discharge  in  rarefied 
gases.  Phenomena  of  this  chai-acter  are  frequently  seen,  as  for  exam- 
ple, the  illumination  of  Geissler  tubes,  or  of  the  electric  bulb.  As 
these  experiments  are  among  the  most  brilliant  and  most  attractive 
that  can  be  perfonaed  with  electricity  they  are  shown  on  every  occa- 
sion, aH  much  for  the  beauty  of  the  spectacle  as  for  the  instruction  of 
the  spectator. 

Let  us  imagine,  then,  an  electric  bulb,  an  ovat  vessel  of  glass  in 
which  are  placed  two  metallic  poles,  two  bulbs  or,  in  short,  two 
electrodes  of  some  shape  or  other,  separated  by  smaller  or  greater 
intervals,  and  charged  with  electricity.  Their  electrification  will  be 
maintained,  for  example,  by  placing  them  in  connection  with  the 
induction  poles  of  a  Ruhmkorff  coi).  An  electrostatic  machine  can 
also  be  used,  if  furnished  with  a  condenser  whose  collector  is  con- 
nected with  one  of  the  electi-odes.  A  short  tube  provided  with  a  stop- 
cock allows  the  ovoid  bulb  to  be  exhausted  of  air.  When  the  electric 
tension  passes  a  certain  limit  a  current  is  established.  A  Ba»h  of 
flame  passes  from  the  positive  electrode  {the  anode)  to  the  negative 
electrode  (the  cathode).  Under  these  conditions,  having  a  mrefied 
gas  and  suitable  charge  of  electricity,  this  luminous  trajectory,  instead 
of  being  blinding  white,  sharp,  rectilinear  or  zig  zs^  as  the  ordinary 
spark  is  constituted,  appears  as  a  diffuse  glow,  varied  in  color  accord- 
ing to  the  nature  of  the  gas. 

If  the  bulb  or  flask  which  contains  the  electrodes  permits  changing 
the  place  of  the  positive  pole  and  approaching  it  to  different  i>oints  of 
the  surface  of  the  glass,  the  luminous  tmil  is  seen  always  to  leave  the 
wandering  point  of  attachment  in  order  to  pass  to  the  fixed  negative 
pole.  The  passage  will  be  more  or  less  direct  or  rectilinear,  it  will 
approach  more  or  less  the  axis  of  the  bulb,  and  will  vary  in  conse- 
quence with  the  shape  of  the  same.  And  by  displacing  the  positive 
pole,  the  current,  this  trajectory  of  discharge,  can  be  directed  at  will. 
In  ordinary  cases  this  is  what  nsually  occui-s,  especially  when  the  rare- 
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faction  is  of  a  moderate  degree,  when  the  vacuum  is  maintoined  at  a  few 
hundredths,  or  at  most  a  few  thousandths  of  an  atmosphere.  One  must 
not  be  contented  with  this  degree  of  exhaustion  if  it  is  desired  to  study 
the  cathode  rays.  It  is  nwessary  to  go  further,  as  did  Lenard  and 
Crookea,  without,  however,  going  too  far.  The  English  phy.sicist,  in 
particular,  pushed  the  exhaustion  to  a  prodigious  degree.  In  the 
Crookes  tubes,  so  called,  the  pressure  is  only  one  millidhth  of  an 
atmosphere.  The  pressure  of  the  remaining  gas  valued  in  millimeters 
of  mercury  does  not  reach  more  than  0.00076.  The  English  scientist 
claimed  that  when  {ixhaustod  to  this  point  the  residue  no  longer  has 
the  properties  of  ordinary  gases;  according  to  him  it  is  a  hypergm  aa 
different  from  the  true  gaseous  state  as  the  latter  is  from  the  liquid 
dtate,  and  forming  a  fourth  condition  of  matter,  foUowing  the  liquid, 
the  solid,  and  the  gas  proper;  this  he  called  radiant  matter.  Crookes, 
relying  on  what  the  kinetic  theory  teaches  with  reference  to  the  con- 
stitution of  gases,  desired  to  det^'rmine  the  nature  of  this  fourth  state 
of  matter.  In  reality,  the  gas,  rarefied  to  the  millionth  of  an  atmos- 
phere, has  not  acquired,  by  this  fact  alone,  an  entirely  new  character; 
but  it  has  acquired  it  most  certainly  when  electrification  is  added  to 
the  rarefaction,  and  it  is  then  that  it  constitutes  the  emanation  or  the 
cathode  ray. 

We  have  said  that  the  vacuum  must  not  be  pushed  too  far,  if  one 
goes  beyond  the  millionth  of  an  atmosphere — and  the  perfection 
of  mechanism  allows  going  much  further  than  that— the  gaseous 
residue  can  not  be  electrified;  electricity  will  not  pasj  through;  there 
is  no  longer  a  current.  The  electric  force  is  incapable  of  penetrating 
absolute  vacuum;  this  resistance  of  the  vacuum  to  the  passage  of  elec- 
tricity is  an  article  of  faith  among  physicists,  especially  since  the 
experiments  of  Walsh,  of  Morren,  and  of  St'hultz.  The  importance  of 
this  principle  is  very  great  from  the  theoretical  point  of  view;  it  fur- 
nishes, in  fact,  a  new  test  for  matter.  But  in  its  application  its  prac- 
tical value  is  very  restricted.  The  experiments  of  Lenard,  after  those 
of  Hertz  in  showing  us  the  propagation  of  certain  forms  of  electricity 
in  vacuo,  instruct  as  to  the  nature  of  these  restrictions.  We  shall 
say,  with  J.  Perrin.  that  it  is  very  prolmblo  that  recognizable  elec- 
tricity which  can  be  experimentally  detected  can  not  propagate  itself 
without  a  material  support,  but  this  is  not  certain. 

If  now  we  return  to  Crookes's  tube,  in  which  the  vacuum  has  been 
pushed  to  one  millionth,  we  shall  see  that  the  current  behaves  itself 
rather  differently  from  what  it  does  in  the  tubes  where  the  rarefaction 
is  less.  The  path  of  the  current  has  lost  much  of  its  brilliancy;  it  no 
longer  appears  as  an  uncertain  glow,  wavering,  striated,  of  a  hue  inter- 
mediate between  rose  and  violet.  All  the  remainder  of  the  interior 
of  the  bulb  remains  dark.     The  electricity  passes  again  and  follows 
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the  same  path  as  before  between  the  positive  electrode  and  the  c-athodfi. 
The  principal  flow  has  been  joined  by  a  secondary  one,  from  all  points 
of  the  tube  the  positive  currents  are  directed  toward  the  cathode, 
and  go  to  reenforce  the  principal  curi'ent.  These  positive  charges 
which  descend  from  all  points  of  the  periphery  form  the  counterpart 
of  the  negative  charges,  which  can  be  seen  fixed  on  the  cathode  rays. 
Their  exitjtence,  their  development,  their  circulation,  result  in  conse- 
quence from  the  existence,  the  development,  and  the  inverse  circula- 
tion of  the  negative  electricity  that  carries  with  it  the  cathode  ray. 

Such  is  the  cathode  afllux;  it  is  composed  of  the  current  directed 
toward  the  positive  electrode  and  of  secondary  currents  directed  from 
all  parts  of  the  recipient  toward  the  cathode.  M.  Villard  has  made  it 
very  plain  that  all  these  ohsi'.ure  or  dim  emanations  are  united  in  the 
axis  of  the  bulb  to  the  principal  flow. 

This  cathode  afflux  has  besides  the  character  and  the  properties  that 
physicists  and  chemists  attribute  t<>  the  electric  current.  It  touches 
directly  the  cathode,  if  it  happens  that  this  negative  electrode — 
which  we  may  suppose  to  wnsist  of  a  small,  circular,  metaliic  disk — 
is  perforated  with  a  hole,  a  portion  of  the  cathode  afllux  crosses  this 
opening  and  pursues  its  journey  beyond,  after  being  discharged  in 
passing.  This  neutral  electrical  current,  these  discharged  rays,  form 
the  Canalstrahlen  studied  by  Goldstein. 

AH  these  details  with  relation  to  the  currents  which  flow  toward  the 
cathode  indicate  the  care  with  which  physicist*  have  studied  the  sub- 
ject, so  that  none  of  the  phenomena  which  take  place  in  Crookes's  tube 
may  escape  them.  It  might  l)e  said,  however,  that  they  are  foreign 
to  our  principal  subject,  which  is  the  cathode  emission.  The  afflux 
which  we  have  just  seen  reach  the  cathode  is  in  fact  perfectly  distinct 
in  every  respect  from  the  cathode  radiation  which  follows  it  and  which 
alone  interests  us.  The  latter  is  formed  of  a  j)encil  of  rays  perpen- 
dicular to  the  surface  of  the  cathode.  It  is  in  the  present  case  a  cylin- 
drical pencil  having  for  a  base  the  circular  disk;  it  traverses  the  tube 
in  a  perfectly  straight  line  without  being  disturbed  by  the  rays  flow- 
ing toward  the  cathode  in  an  opposite  dii-ection.  of  which  we  have  just 
been  speaking;  it  passes  by  them  and  through  thorn  unchecked. 

This  new  pencil  implanted  normally  on  the  cathode  is  not  luminous. 
It  is  not  directly  visible;  it  forms  a  dark  spot  in  the  Crookes  tube. 
It  would  entirely  escape  observation  if  it  did  not  excite  a  peculiar 
fluorescence  opposite  to  the  cathode  at  the  points  where  it  meets  the 
sides  of  the  tube.  The  material  of  the  glass  becomes  illuminated  at 
these  points  and  presents  a  luminous  brilliant  spot  of  a  green  color. 
Crookes  had  the  idea  to  arrange  in  the  interior  of  the  tube,  in  the  path 
of  this  pencil  between  the  cathode  and  the  wall,  a  variety  of  opaque 
bodies,  as,  for  example,  a  cross  of  aluminum.     He  then  saw  outlined 
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upon  the  clear  fluorest^ent  background  the  exact  silhouette  of  the  cross. 
In  this  way  perfect  geometric  shadows  of  the  objects  introduced  can 
be  obtained  in  every  case. 

This  experiment  necessitates  the  conclusion  that  the  cathode  emis- 
sion la  rectilinear.  The  cathode,  the  screen,  and  the  silhouette  are  all 
on  a  straight  line.  Things  occur,  in  short,  as  if  a  single  ray  left  each 
point  of  the  cathode,  exciting  luminosity  at  the  very  spot  where  it 
encounters  the  walls.  Without  prejudging  in  any  way  the  nature  of 
the  phenomenon,  it  is  proper  to  use  the  expression  cathode  rays. 

A  close  study  of  the  shadows  formed  by  divers  screens,  of  the  sil- 
houettes outlined  by  these  rays,  leads  to  a  new  and  instructive  point; 
it  shows  that  they  are  implanted  at  right  angles  to  the  surface  of  the 
electrode;  they  are  perpendicular  to  it  at  every  point.  It  must  be 
added,  however,  following  Goldstein,  that  it  is  not  a  strict  rule;  if 
acirepted,  it  results  that  the  shape  of  the  pencil  varies  in  a  simple  man- 
ner with  that  of  the  cathode.  The  latter  is  sometimes  arranged  as  a 
slightly  convex  disk;  thereupon  the  rays  form  the  trunk  of  a  cone 
which  strikes  the  walls  of  the  tube  tike  a  circular  skullcap.  If  the 
cathoda  disk  is  a  mirror  with  spherical  concave  surface  the  perpen- 
dicular lines  at  the  surface  form  a  conic  pencil  and  converge  toward 
the  center  of  the  image  of  the  sphere,  where  they  form  a  focus.  The 
effects  peculiar  to  cathode  rays  are  magnified  by  this  concentration,  in 
the  same  manner  that  the  effects  of  luminous  rays  are  increased  in  the 
focus  of  a  lens.  In  this  manner  Crooke-s  was  able  to  show  the  heating 
action  of  his  supposed  radiant  matter;  that  is  to  say,  of  cathode  rays. 
He  succeeded  in  fusing,  at  one  of  these  foci,  not  only  glass,  but  a  wire 
of  iridium-platinum,  an  operation  which  requires  a  temperature  of 
more  than  a,000°. 

It  is  not  only  at  the  end  of  its  path  at  the  point  where  it  strikes  the 
walls  of  tlie  glass  tube  that  the  cathode  pencil  can  bo  rendered  visible. 
Hittorf  and  Goldstein,  in  1876,  furnished  the  means  of  rendering  it 
visible  at  all  points  of  its  path  by  discovering  the  phosphoi-ogenic 
power  of  the  new  rays.  The  illumination  which  these  dark  rays  excite 
in  the  glass  of  the  bulb  they  also  produce  on  other  bodies  placed  in 
the  interior.  Rock  crystal  appears  of  a  blue  color,  precious  stones  of 
divers  colors,  rubies  project  a  beautiful  red  glow,  diamonds  take  on 
an  extraordinary  brilliancy.  The  earthy  sulphides  which  are  natumlly 
phosphorescent — that  is  to  say,  able  to  store  up  the  luminous  rays  and 
yield  them  up  afterwards— are  lighted  up  most  vividly.  Wurtzlte 
(crystallized  sulphide  of  zinc)  becomes  dazzling.  By  arranging  a  frag- 
ment of  one  of  these  substances  in  the  path  of  the  pencil,  the  latter 
becomes  visible  throughout.  It  becomes  possible  in  this  way  to  study 
the  properties  of  cathode  i-ays. 

The  results  of  this  study  should  be  briefly  mentioned.  In  the  first 
place  the  two  laws  already  announced  are  verified — that  the  cathode  ray 
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IB  rectilinear  and  that  it  is  quite  sensitive  perpendicular  to  the  surface 
of  the  electrode.  Again,  the  mechanical  effects  produced  by  these 
rays  are  of  great  interest,  owing  to  the  support  which  they  seem  to 
give  to  the  theory  of  the  emission  of  matter.  They  are  shown  by  a 
beautiful  experiment.  Two  rails  formed  of  glass  rods  and  placed  in 
the  path  of  the  cathode  rays  support  the  axle  of  a  paddle  wheel.  This 
little  inacbiiie  begins  to  move,  revolves  continuously  as  soon  as  elec- 
trical communication  has  been  eafabltshed,  as  if  the  flanges  received 
blows — a  bombardment,  according  to  the  expression  used  by  Crookes — 
of  material  particles  issuing  from  the  negative  electrode.  On  revers- 
ing the  direction  of  the  current  the  wheel  revolves  in  the  opposite 
direction.  The  ballistic  explanation  seems  so  reasonable  that  it  natu- 
rally insinuates  itself  into  the  mind  and  gives  rise  to  a  belief  in  cath- 
ode projectiles.  However,  on  reflection,  the  argument  is  by  no  means 
conclusive.  Everyone  has  seen  in  the  show  windows  of  opticians  the 
little  instrument  which  is  called  a  I'adiometer,  which  was  itself  an 
invention  of  Crookes.  It  forms  a  kind  of  windmill,  exceedingly  light, 
and  inclosed  in  a  bulb  of  glass  that  has  been  exhausted  of  air.  It 
begins  to  move  in  the  same  way  as  the  water  wheel  of  the  preceding 
experiment,  but  under  the  action  of  luminous  rays — that  is  to  say,  of 
vibrations  of  the  ether,  without  suggesting  this  time  a  bombardment 
of  projectiles, 

A  second  property  of  cathode  rays,  an  unexpected  and  very  remark- 
able one,  is  that  they  are  attracted  by  a  magnet.  Alaking  the  pencil 
visible  by  means  of  a  phosphorescent  screen  placed  within  the  tube  it 
is  seen  to  bend  away  on  approaching  a  magnet;  it  can  be  attracted  and 
repelled  at  will  by  varying  the  position  of  the  magnetic  ^ent.  The 
amount  of  the  deflection  depends  partly  on  the  strength  of  the  magnet 
and  partly  on  the  velocity  of  the  cathode  rays,  a  velocity  which  can 
be  determined  by  varying  the  pressui'e  of  the  gaseous  residue  that 
fills  the  bulb.  On  giving  proper  motion  to  the  magnet  it  is  easy  to 
conceive  that  one  might  succeed  in  twisting  the  pencil  into  a  spiral. 
This  obedience  to  the  directive  force  of  the  magnet  goes  so  far  as  to 
allow  it  to  form  a  circle  upon  itself.  In  this  experiment  the  cathode 
ray  behaves  like  an  electric  current  of  which  the  negative  pole  would 
be  the  cathode  and  which  runs  along  a  metallic  wire.  This  m^netic 
deflection  is  easily  explained  by  the  emission  theory;  the  rays  would 
be  formed  by  a  row  of  electrified  material  particles  following  each 
other  rapidly  and  carrying  an  electric  charge.  This  transportation  of 
electiicity  by  the  transportation  of  matter  is  called  a  current  by  con- 
vection, Kowland,  Rdntgen,  and  other  physicists  have  shown  that 
currents  of  this  nature  are  similar  to  ordinarj'  currents  by  conduction. 
On  the  other  hand,  deflections  produced  by  a  magnet  are  unknown  in 
etherial,  caloritic,  luminous,  and  actinic  radiations. 

In  the  third  place  the  cathode  ray  is  electrified.     This  we  assumed  a 
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little  ways  l»a*rk  in  «aymg  that  it  was  similar  to  a  row  of  electrified 
particles,  tbat  is  to  say,  to  a  current.  It  is  neces^ry,  tiiercfore,  that 
the  chai'ge  which  it  transports  should  be  made  manifest.  Crookes 
believed  that  he  bad  succeeded  in  doing  this.  Ebert  and  Wiedemann 
showed  the  fallacy  of  bis  demonstration,  but  it  was  a  young  French 
physicist,  M.  Jean  Perrin,  who,  by  a  very  neat  experiment,  made  plain 
the  essential  character  of  cathode  rays,  which  is  that  they  must  be 
charged  with  negative  electricity. 

The  cathode  phenomena,  such  as  we  have  described  them,  fills  the 
whole  of  the  interior  of  the  bulb;  within  it,  it  begins  and  ends.  Up 
to  1894  it  had  been  impossible  to  study  these  mys  under  the  experi- 
mental conditions  in  which  they  occur.  The  rays  remain  shut  up  in 
their  birthplace  as  in  a  prison.  Lenard  succeeded  in  liberating  them, 
and  his  beautiful  experiments  of  181H,  which  drew  these  captive  rays 
from  their  prison  of  glass,  created  a  great  enthushism  among  physicists. 

The  cathode  rays  are  stopped  by  glass;  this  is  well  known.  Most 
other  substances  act  the  same  way.  However,  Hertz  in  1S83  had 
announced  that  metallic  plates  would  permit  the  passage  of  these  rays 
provided  they  were  sufBciently  thin;  their  thickness  should  not  be 
greater  than  a  few  thousandths  of  a  millimeter  (mia-on).  Lenard  sug- 
gested replacing  the  fluorescent  portion  of  the  glass  tube  on  which  the 
cathode  pencil  strikes  by  a  piece  of  metal,  and  it  was  necessary  that 
this  plate  should  be  stout  enough  not  to  yield  to  the  pressure  of  the 
air.  Herein  lay  the  difficulty,  which  Lenard  succeeded  in  overcoming. 
He  arranged  in  his  Crookes  tube  a  small  window,  in  which  he  inserted 
a  plate  of  aluminium  three-thousandths  of  a  millimeter  in  thickness. 
This  leaf  proved  to  be  capable  of  resisting  atmospheric  pressure  and 
of  sustaining  the  vacuum  within.  The  cathode  rays,  more  subtle  than 
gaseous  molecules,  passed  through,  permitting  them  to  l>e  studied 
without. 

They  behaved  without  exactly  as  within  the  tube;  they  proved  to  be 
rectilinear,  deflected  by  a  magnet  and  capable  of  producing  fluores- 
cence; also  equally  capable  of  making  an  impression  on  a  photographic 
plate.  Most  extraoi-dinarily  they  had  preserved  their  negative  elec- 
trification in  spite  of  the  thickness  of  the  metal  which  they  had  tra- 
versed. This  fact  was  unexpected  and  unexampled.  It  indicates  that 
the  negative  electrical  charge  is  an  essential  and  indelible  character  of 
the  cathode  ray,  and  that  it  can  not  lose  it  without  ceasing  to  exist. 

These  experiments  taught  at  the  same  time  that  the  cathode  rays 
possess  a  very  limited  power  of  penetration,-  even  thi-ough  gases. 
Unless  these  gases  are  extremely  rarefied  the  rays  are  quickly  stopped 
and  scattered  by  molecular  obstacles.  On  the  contrary,  when  the 
vacuum  is  pushed  very  far  they  remain  unchanged:  it  has  been  possi 
ble  to  follow  them  the  length  of  a  meter  and  a  half  without  noticing 
any  diminution  of  power. 
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In  conclusion,  two  other  characteristics  of  the  cathode  rays  must  be 
noticed.  The  first  consists  in  the  power  that  they  ti-ansmit  to  gases 
through  which  they  pass,  of  conducting  electricity.  Gaues  in  a  dry 
state,  as  is  well  known,  ai-e  nonconductors;  an  electrified  body,  tor 
instance,  a  gold-leaf  electroscope  or  a  condenser,  holds  its  chaise.  If 
it  sometimes  appears  otherwise  it  is  because  the  gas  is  not  dry,  and  the 
diminution  should  then  be  attributed  to  the  vapor  of  water.  But  if 
a  cathode  my  just  comes  in  contact  with  air  which  is  i-eally  dry, 
near  this  apparatus,  the  latter  is  seen  to  discharge  itself  at  once.  The 
gas  has  acquired  a  certain  degree  of  conductivity.  This  same  prop- 
erty belongs,  as  we  shall  soon  explain,  to  ROntgen  rays  and  to  Bec- 
querel  rays.  This  characteristic  is  common  to  all  these  radiations, 
and  is  probably  the  one  which  can  be  easiest  investigated,  and  even 
measured.  By  means. of  an  electroscope  inclosed  in  a  box  full  of  dry 
air  these  divers  radiations  are  studied.  By  this  process  Mme.  and  M. 
Curie  discovered  the  new  radio-active  bodies,  polonium  and  radium, 
and  M.  Debicrne  by  the  same  means  discovered  actinium. 

The  last  peculiarity  is  also  common  to  these  three  kinds  of  radiation, 
as  well  as  to  every  species  of  electric  current.  It  consists  in  this,  that 
both  effect  condensation  of  the  vapor  o'  water  when  the  latter  is  near 
its  point  of  saturation,  producing  a  kind  of  mist.  This  mist,  which 
forms  instantly  on  the  passage  of  the  current,  or  of  the  rays,  becomes 
a  visible  and  palpable  sign  of  their  presence.  It  is  a  beautiful  lecture 
experiment  and  one  easily  reproduced  for  public  exhibition,  and  has 
often  been  repeated  within  the  last  two  or  three  yeai-s.  The  invisible 
vapor  escapes  from  a  narrow  tube  connected  with  a  flask  full  of  boil- 
ing water;  on  approaching  to  it  a  metallic  point  strongly  electrified 
and  from  which  the  fluid  escapes  in  the  form  of  an  aigrette  that  can 
easily  be  distinguished  in  the  dark.  As  soon  as  contact  has  been  made 
the  jet  of  steam  assumes  the  aspect  of  a  dense  mist  or  of  a  thick  smoke. 

Allusion  may  be  made  to  the  possible  applications  of  this  phenoo)- 
enon  to  meteorology  without  insisting  upon  them.  There  is  another 
curious  application  which  was  made  by  J.  J.  Thomson  in  measuring 
the  number  of  cathode  projectiles  which  exist  in  a  given  space  at  a 
given  moment.  By  combining  this  calculation  with  electro-metric 
investigations  it  has  been  possible  by  skillful  comparison  to  determine 
the  negative  charge  borne  by  each  cathode  projectile,  and,  finally,  its 
mass.     The  latter  is  extremely  small. 

The  cathode  rays  of  a  single  pencil  are  not  all  identical.  The  velocity 
of  propagation  is  not  equal,  and  that  is  the  reason  why  a  magnet  deflects 
them  unequally,  just  as  a  prism  bends  unevenly  the  rays  which  form 
a  beam  of  solar  light.  There  is  magnetic  dispersion  and  a  magnetic 
spectrum  for  the  rays  emanating  from  the  cathode,  exactly  like  the 
luminous  dispersion  and  luminous  spectrum  formed  with  the  sun's 
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rays.  This  fact  was  determined  about  the  xame  time  by  BirkelaDd 
and  Jean  Perrin. 

By  exceedingly  clever  experiments  it  has  been  possible  to  measure 
the  velocity  of  prop^ation  of  the  cathode  rays,  which  is,  accoi-ding  to 
the  emiiision  theory,  the  true  velocity  of  the  projectile  thrown  off  by 
the  electrode.  This  velocity  is  enormous  and,  moreover,  varies  greatly 
according  to  the  circumstances  of  its  production.  It  may  be  !JO0  kms. 
a  second,  which  is  the  lowest  limit,  and  may  reach  50,000  kms.,  which 
seems  to  be  the  highest  limit,  or  one-sixth  the  velocity  of  light. 

We  can  scarcely  point  out  the  principles  by  which  this  calculation 
has  been  made.  It  is  founded  upon  the  experimental  measurement  of 
the  magnetic  deflection  exerted  by  a  known  magnet  and  by  the  elec- 
tric deflection  excited  by  an  electric  current  having  an  intensity  equally 
known.  It  is  very  clear  that  these  deflections  depend  upon  the  velocity 
and  the  mass  of  the  lAthode  projectiles.  In  short,  it  is  evident  that 
the  magnet  or  the  current  will  deflect  the  cathode  ray  more  if  it  travels 
with  a  feeble  velocity  and  less  if  the  velocity  is  great. 

It  is  possible,  moreover,  to  diminish  this  velocity  in  order  to  give 
gi'eater  accuracy  to  the  methods.  Lenard  made  use  for  this  puipose 
not  only  of  the  rays  produced  in  the  Ci-ookes  tube  but  also  of  those  the 
existence  of  which  had  been  discovered  by  Gustave  Le  Bon  and  which 
result  from  the  action  of  light  on  metals. 

The  velocity  of  the  cathode  ray  is  prodigious  and  can  produce 
mechanical  effects  surpassing  the  im^ination,  if  you  consider  that  the 
mass  of  the  projectile  is  infinitely  small  and  the  projectile  itself  but 
the  fragment  of  an  atom.  Jean  Perrin  has  calculated  one  of  the 
effects,  the  calorific  effect  which  will  be  produced  by  the  blows  of 
an  appreciable  proportion  of  these  projectiles.  The  quantity  of 
heat  which  a  kilogram  of  this  matter  would  generate,  when  suddenly 
arrested  by  an  obstacle  in  its  course,  would  be  sufficient  to  raise  instantly 
to  the  boiling  point  the  water  of  a  lake  1,000  hectares  in  extent  and  & 
meters  in  depth. 

The  measui'ement  of  the  cathode  velocity  brings  to  bear  a  final  argu- 
ment in  favor  of  the  ballistic  or  materialistic  theory.  If  the  cathode 
were  the  result  of  certain  vibrations  of  the  ether,  instead  of  resulting 
from  the  projection  of  matter,  it  would  not  be  possible  to  comprehend 
that  such  a  disturbance  should  be  propagated  with  a  variable  velocity 
of  200  kms.,  since  the  same  medium  transmits  the  solar  disturbance 
with  a  unifoi-m  velocity  of  300,000  kms. 

No  matter  from  what  side  we  study  this  question  the  advantage 
always  remains  with  the  theory  of  material  emission.  In  tb's  discus- 
sion which  has  been  renewed  In  our  time  between  the  two  systeuis  of 
emission  and  of  undulations,  this  time  it  is  the  first  that  carries  off  the 
palm. 

The  cathode  ray  may  be  considered,  then,  as  formed  of  a  row  of 
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projectiles  negatively  electrified.  Why  should  they  move  in  a  straight 
line  perpendicularly  to  the  sui-faee  of  the  cathode?  Because  they  are 
repulsed  and  driven  violently  by  the  electric  charge  of  the  cathode. 

The  el e(!tro- metric  and  electro-magnetic  measurements,  combined 
with  those  of  which  we  have  formerly  spoken,  and  which  allow  the 
calculation  of  the  number  of  cathode  projectiles  in  a  given  space  by 
means  of  the  condensation  of  a  mist  have  led  to  surprising  results 
whose  accuracy  is  amazing.  By  these  means  the  cathode  projectile 
has  been  found  to  have  a  constant  mass,  equal  to  the  thousandth  part 
of  one  atom  of  hydrogen. 

The  projectile,  then,  does  not  depend  upon  the  cathode,  as  Crookes 
had  already  determined.  It  is  composed  of  hydrogen,  as  proved  by 
M.  Villard  without  question.  It  has  its  origin  necessarily  in  the 
breaking  up  of  the  atom  of  hydrogen.  This,  instead  of  being  the 
final  expression  of  simplicity  and  of  lightness,  as  chemisb:^  believe, 
appeal's  to  be  a  quite  complex  edifice  and  rather  heavy,  since  the  cur- 
rent of  the  Crookes  tube  removes  from  the  stones  which  represent  it 
but  the  thousandth  part  of  its  ma^.  These  stones  are  the  fmgments 
of  atoms,  or  the  atomic  corpuscles  of  J,  J.  Thomson.  The  atom  is  no 
longer  indivisible.  Here  we  shall  stop,  not  pushing  the  analysis  fur- 
ther, although  the  state  of  science  would  permit  it;  but  we  should 
enter  upon  the  subject  of  the  constitution  of  matter,  a  subject  which 
can  only  be  incidentally  referred  to  here. 

III. 

Cathode  rays  have  no  practical  application.  They  are  produced 
under  extremely  peculiar  conditions,  in  a  barometric  vacuum,  in  the 
interior  of  a  bulb  from  which  it  is  almost  impossible  to  liberate  them. 
We  should  have  no  excuse  for  having  entertained  our  readers  so  long 
had  this  study  offered  only  the  interest  of  pure  curiosity  and  an 
opportunity  of  proclaiming  the  cleverness  of  our  physicists.  But  it 
has  another  bearing.  In  narrating  the  history  of  these  rays  we  have 
included  that  of  rays  of  the  same  family — Ronton  rays,  of  which  the 
applications  are  so  numemus,  and  Becquerel  rays,  which  are  but  a 
mixture  of  the  two  other  kinds.  In  the  second  place,  the  i-athode  rays 
are  the  progenitors  and  the  necessary  generators  of  the  others.  The 
mechanism  and  the  true  nature  of  the  latter  are  better  known. 

Moreover,  cathode  rays  (and  ROntgen  rays  as  well  as  those  of 
Becquerel,  which  accompany  them  or  emanate  from  them)  are  not 
merely  the  simple  resultsof  design  on  the  part  of  physicists;  they  con- 
stitute a  natural  phenomenon  which  can  not  be  neglected.  Far  from 
being  of  rare  occurrence  they  are  incessantly  produced.  Not  a  single 
ray  from  the  sun  falls  upon  a  metallic  surface,  not  a  flame  is  ignited, 
not  an  electric  spark  flashes,  not  a  current  of  electricity  is  produced, 
not  a  substance  becomes  incandescent  without  the  appearance  of  a 


282  CATHODE    RATS   AND   rOhTGEN   RATS. 

cathode  ray  either  in  a  simple  or  transformed  condition.  G.  Le  Bon 
deserves  the  credit  of  having  first  pen-eived  the  universality  of  this 
order  of  phenomena.  Although  he,  indeed,  made  use  of  the  inappro- 
priate term  "black  light,"  nevertheless  he  recognized  the  general 
character  and  the  principal  properties  of  this  creation.  Ahove  all, 
be  assigned  to  the  phenomenon  its  true  place,  transferring  it  from  the 
workroom  of  the  physicist  to  the  grand  Inboi-atorv  of  nature.  P.  de 
Heen,  the  well-known  professor  of  the  University  of  Liege,  adopted 
a  similar  conception.  He  considers  that  nearly  all  the  centers  of  dis- 
turbance of  the  ether  generate  emanations  similar  to  those  which  take 
place  in  a  Crookes  tube.  We  shall  have  occasion  to  return  to  this  iu 
connection  with  the  radio-activity  of  matter. 

IV. 

The  enthusiasm  and  admiration  which  the  discovery  by  ROntgen 
aroused  at  the  close  of  the  year  ISit."*  is  well  remembered.  The  learned 
physicist  of  Wurzburg  exhibited  photographic  silhouettes  obtained 
through  opaque  bodies,  sheets  of  pastelward,  leaves  of  paper,  thick 
books,  dictionaries,  and  wooden  boards  several  inches  in  thickness. 
He  furnished  the  means  of  receiving  on  a  screen  the  fluorescent 
shadows  of  bodies  concealed  by  wrappings,  or  inclosed  in  boxes,  that 
is  to  say,  made  it  possible  to  see  indirectly  thmugh  these  obstacles. 

Very  soon  useful  applications  added  to  the  interest  of  mere  curiosity 
which  was  manifested  at  the  start.  Kadiography  was  applied  to  the 
detection  of  the  sophistication  of  certain  product*,  to  determining  the 
contents  of  a  box  without  opening  it,  and  to  similar  uses.  But  by  far 
the  most  important  of  these  applications  was  that  made  to  medicine 
and  surgery.  Everyone  has  seen  these  radiographs  publicly  exhibited. 
They  portray  the  malformations,  the  injuries  of  the  skeleton,  the 
alterations  of  bones,  the  presentee  in  the  tissues  of  foreign  bodies, 
such  OS  shot,  needles,  fi-agments  of  uietat  and  the  like,  and  in  certain 
cases  they  disclose  the  existence  of  lesions  in  the  viscera  of  divera 
kinds.  When  perfected,  they  will  realize  the  dream  and  the  aim  of 
normal  and  pathologic  anatomy,  which  is  to  show  the  I>ody  sound  or 
diseased  as  if  it  was  transparent  throughout.  It  is  useless  to  dwell 
further  on  these  particulars;  their  history  is  developed  right  under 
our  eytis  and  the  daily  press  details  it«  progress  from  day  to  day. 

ROntgen  rays  deiive  their  origin  from  cathode  rays.  Crookes's  tube, 
the  generator  of  cathode  rays,  was  the  means  employed  by  the  Ger- 
man physicist,  and  by  all  investigators  who  have  followed  him.  But 
in  this  apparatiLS  the  only  part  useful  for  producing  the  effects  which 
we  have  seen  is  the  fluorescent  spot  situated  opposite  to  the  cathode 
from  which  it  receives  the  emission. 

From  that  point  the  new  rays  are  projected  in  all  directions  and  not 
merely  In  the  original  line.     All  substances  which  arrest  the  cathode 
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rays  become  the  starting  point  of  Roatgen  rays.  It  makes  little  differ- 
ence whether  n  body  ia  placed  within  the  tube  or  whether  it  forma  the 
wall  of  the  tube,  nor  is  it  of  any  importance  whether  it  becomes  fluor- 
escent or  not  under  the  <-athode  action;  from  the  moment  that  it 
receives  and  arrests  the  first  ray  it  generates  the  second.  It  has  been 
found  advantageous  to  arrange  a  alight  modification  of  the  appamtus 
in  order  to  increase  its  power.  An  electrode  is  used  having  the  form 
of  a  spherical  mirror  which  concentrates  the  cathode  rays  at  a  single 
focus.  Near  it  is  arranged  a  platinum  foil  or  some  other  infusible  sub- 
stance which  intercepta  the  cathode  emission  and  ari'esting  it  trans- 
forms it  into  Kflntgen  rays,  which  pass  through  the  thinnest  point  of 
the  tube  and  may  be  collected  without.  This  apparatus  is  called -a 
focussing  tube. 

The  Rfintgen  ray  is  plainly  to  be  distinguished  from  the  cathode 
ray,  which  has  giv«n  it  birth  by  several  characters,  of  which  the  two 
nio8t  essential,  from  a  theoretical  point  of  view,  are  that  it  is  not 
attracted  by  the  magnet,  and  that  it  is  not  electrified.  The  cathode 
t^y,  on  the  contrary,  carries  an  electric  current  and  can  be  deflected 
y>y  a  magriet.  On  these  two  characteristics  has  been  founded  th^ 
t.>ieory  of  its  materiality,  as  we  have  already  said.  They  are  wanting 
*»>  the  ROntgen  ray,  thei'efore  we  can  not  be  sure  that  it  results  from 
t->ie  emissiora  of  matter.  On  the  contrary,  circumstances  are  in  favor- 
^^1  its  immaterial,  etherial,  vibratory  nature. 

To  these  two  distinctive,  essential,  traits  must  be  added  the  two 
^^llowing,  which  are  no  less  important:  The  cathode  ray  has  not  th^ 
V^^werof  penetration.     It  is  immediately  absorbed  or  diffused;  whereas 
\he  Rontgen  ray  is  very  penetrating  and  nondiffusible. 

We  have  just  seen  that  the  Rontgen  rays  originate  at  the  points 
where  the  cathode  rays  encounter  solid  substances.  The  violence  of 
the  blow  of  the  cathode  projectile  against  the  material  molecule  dis- 
turbs* it  and  increases  its  calorific  energy;  at  the  same  time  it  make^ 
the  surrounding  ether  oscillate  and  produces  the  fluorescence  of 
Crookes's  tube.  The  operation  which  produces  the  X-ray  yields  then  , 
at  the  same  time  and  accessorilj,  luminous  rays  (visible  fluorescence)  ^ 
and  B.t  other  times  chemical  rays,  ultraviolet  rays  (invisible  fluorea- 
cence),  and  probably  still  other  unknown  radiations. 

Setting  aside  these  accessory  mdiations^ — that  moreover  may  be 
abse"* — "1  order  to  consider  the  principal  one,  we  have  said  that  th© 
latter  is  disclosed  by  its  chemical  action  on  the  salts  of  silver  (photo- 
M*aphic  impre.ssion)  and  by  its  power  of  exciting  the  luminosity  of 
pho9phoi'«s<'e"t  screens.  If  an  opaque  body  is  placed  in  a  straight 
line  between  the  source  of  the  ray  in  the  screen  its  shadow  appears 
thereon  with  an  astonishing  distinctness.  The  formation  of  these  geo- 
metric shadows  proves  a  perfectly  rectilinear  prop^ation  and  justifies 
the  naine  of  "ray"  here  employed. 
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At  the  outset  the  nioat  surprising  characteristic  of  these  rays  is 
their  power  of  penetration.  They  pass  as  easily  through  a  volume  of 
a  thousand  pages  aa  a  ray  of  light  passes  through  a  window  pane. 
Both  cases  exhibit  the  same  prowess  of  nature;  and  if  the  latt«r  fact 
no  longer  astonishes  us,  it  is  because,  as  Montaigne  says,  "familiarity 
with  things  removes  from  them  their  strangeness."  Our  surprise 
arises  in  obsen-ing  the  newcomer  accomplish  that  which  was  iinpos-si- 
ble  for  our  old  friend,  light.  We  were  formerly  no  less  surprised  to 
learn  that  the  ultraviolet  rays  of  the  solar  spectrum  passed  through  a 
pieceof  silver  foil,  which,  we  may  say,  parenthetically,  made  possible  for 
the  first  time  photography  of  the  invisible.  That  which  is  permitted 
to  one  ray  is  prohibited  to  another.  Rflntgen's  ray,  which  traverses 
an  oak  plank  2  inches  in  thickness  and  a  plate  of  aluminum  more  than 
a  centimeter  thick,  is  stopped  by  several  meters  of  atmospheric  air, 
the  pass^e  of  which  is  but  a  trifle  for  the  ray  of  light. 

There  is  another  difference  between  the  Rdntgen  ray  and  the  lumi- 
nous ray — their  conduct  in  the  interior  of  bodies.  Both  these  rays 
are  absorbed  while  on  their  journey;  their  nature  is  changed;  they 
are  annihilated;  their  energy  is  transformed  into  some  other  force — 
heat  for  instance.  This  end  is  common  to  them.  But  light  has 
another  property  which  is  peculiar  to  it.  In  certain  bodies  having  a 
granular  structure,  such  as  roughened  glass  and  the  powder  of  rock 
crystal,  the  light  is  diffused;  the  path  of  the  rays  is  broken  by  reflec- 
tions and  by  numerous  refractions.  E^h  particle,  then,  behaves  as  a 
source  of  light,  emitting  rays  in  all  directions,  and  the  body  is  illumi- 
nated. It  would  be  useless  to  increase  the  intensity  of  the  beam  of 
light  with  the  expectation  of  seeing  it  transmitted;  the  illumination 
would  only  be  increased. 

The  ROntgen  rays  behave  very  differently.  They  are  only  lost 
through  absorption.  By  increasing  the  intensity  of  the  rays  they  will 
be  seen  to  gain  more  and  more  in  the  power  of  penetration.  They 
are  not  diffused.  They  pursue  their  path  rigidly  inflexible,  undoubt- 
edly weakened,  hut  never  deflected  by  any  obstacle.  A  ray  of  light 
should  not  be  taken  an  the  type  and  symbol  of  ideal  rectitude,  but 
rather  the  ray  of  Rontgen. 

There  are  several  varieties  of  ROntgen  rays,  as  there  are  of  cathode 
rays.  They  form  an  entire  scale,  and  may  be  distinguished  from  each 
other  by  their  degree  of  penetration.  Some  are  ultrapenetrating. 
Others  are  extinguished  at  a  distance  of  a  few  millimeters  from  their 
origin.  This  depends  upon  the  generating  apparatus,  on  the  current 
employed,  and  on  other  circumstances  controlling  their  production. 

When  a  ROntgen  ray  happens  to  strike  a  solid  body,  particularly  a 
metal,  it  gives  rise  to  rays  of  the  same  nature,  but  having  less  pene- 
trating power.  They  are  also  much  more  active  from  electric  and 
photograph  points  of  view.    These  secondary  rays  have  been  studied 


CATHODE  BAYS  AND  r6nTGEN  BAYS.  285 

by  M.  Sagnac.  In  tbe  same  conditions  the  secondary  rays  originate 
tertiary,  and  so  on,  in  such  a  way  that  there  exists  at  the  surface  of 
metals  struck  by  Rontgen  rays  a  whole  system  of  radiations,  which 
form  a  complii»ted  envelope,  conducting  electi'icity  and  photogenically 
active. 

It  is  ea^y  to  see  that  the  fact  that  RAntgen  rays  are  not  diffused 
entails  other  differences  lietween  them  and  light,  and  these  are  impor- 
tant. The  rays  are  not  diffused,  because  they  do  not  submit  to  reflec- 
tion or  to  refraction.  Their  reflection  has  been  thought  possible  at 
times,  because  they  were  mingled  with  other  elements — for  example, 
ultraviolet  rays.  M.  Gouy  has  shown  with  wonderful  accuracy  that 
in  reality  they  do  not  suffer  the  slightest  refraction.  They  do  not 
exhibit  the  phenomena  of  diffraction  or  of  polarization. 

Reflection,  refraction,  diffraction,  polarization,  and  interference  are 
universal  characters  of  ethereal  vibrations.  They  belong  to  all  the 
rays  of  the  spectrum,  from  the  slowest  to  the  most  rapid.  They  are 
common  to  hertzian  vibrations,  to  the  infra-red  or  calorific,  to  the  vis- 
ible vibrations,  and  Anally  to  the  ultraviolet  or  chemical  vibrations. 
As  to  interference,  the  opinion  of  the  scientific  world  is  divided  on 
the  point  whether  ROntgen  rays  allow  this  or  not.  It  appears,  how- 
ever, that  the  phenomena  observed  by  M.  Jaumann,  by  means  of  two 
parallel  electrodes  connected  with  the  negative  pole  of  the  coil  by  wires 
of  ct{ual  length,  should  be  regarded  as  illustrative  of  interference. 

Is  it  possible  after  this  to  compare  R/)ntgen  rays  with  luminous  rays, 
or  even  to  attribute  to  them  any  form  of  ethereal  undulations!  This 
is  the  general  tendency.  Wiedemann  and  Lenard  regard  them  as 
,  forming  a  new  round  in  the  spectrum  ladder  beyond  tbe  ultraviolet. 
BOutgen  .and  tfaumann  consider  them  as  the  products  of  longitudinal 
vibrations  of  ether. 

ROntgen  rays  discharge  electrified  bodies  placed  in  their  neighbor- 
hood. The  rudiments  of  this  electrical  property  are  exhibited  in  the 
spectrum;  ultraviolet  rays  destroy  tbe  negative  charges  of  bodies  with 
which  they  are  brought  into  contact.  This  shows  a  greater  or  less 
analogy  between  the  two  kinds  of  radiations.  It  is  only,  however, 
under  certain  conditions  that  the  Rontgen  rays  may  be  referred  to 
small  undulations,  having  the  character  of  undulations  of  light,  and 
thus  continuing  the  spectrum  beyond  the  violet.  It  would  be  neces- 
sary to  conceive  of  these  undulations  as  exceedingly  short,  or  what  is 
the  same  thing,  that  the  vibrations  are  very  rapid,  which  is  a  means 
of  rendering  tbe  interference  less  appreciable,  and  still  more  so  the 
diffraction.  Besides,  the  velocity  of  the  propagation  can  not  be  dif- 
ferent in  the  air  and  in  the  other  bodies.  A  priori,  this  supposition 
is  rot  iniproliable— it  explains  the  absence  of  refraction  and  renders 
possible  that  of  reflection.  On  the  other  hand,  since  there  is  noother 
way  of  realizing  polarization  except  through  recourse  to  simple  or 
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double  reflection,  which  are  here  iosufficient,  it  \s  not  liurprising  that 
the  ROntgen  rays  are  deprived  of  this  property.  Thus  deprived  of  all 
its  burdens  and  functions  it  yet  posseases  transverse  vibration!^,  which 
place  it  in  the  family  of  spectra;  but  in  these  surroundings,  after  all 
the  diminutions,  restrictions,  and  limitations  which  it  has  undergone, 
it  appears  rather  like  a  mangy  sheep.  We  have  said  that  some  phys- 
icists are  contented  with  this  state  of  affairs. 

The  same  difficulties  arise  if  the  longitudial  vibrations  of  the  ether 
are  introduced  into  the  theory,  and  there  is  added,  moreover,  the 
uncertainty  of  the  existence  of  these  vibrations.  There  is  nothing  to 
prove,  in  truth,  that  they  do  not  exist;  on  the  contrary,  it  ii^  evident 
that  they  are  foiTaed  as  soon  as  luminous  rays  change  their  direction 
are  reflected  or  I'efracted,  They  could  not  be  neglected  except  by 
regarding  the  ether  as  strictly  incompressible.  Some  pbysici»itsaffirm 
that  it  is,  and,  in  short,  if  one  relies  upon  experimental  grounds  it  is 
sufficient  to  say  that  the  longitudinal  component  can  be  neglected, 
owing  to  its  insignificance.  This  is  true  if  one  ignores  all  the  phe- 
nomena which  can  accompany  the  manifestation  of  light. 

In  fact,  by  disregarding  the  longitudinal  vibi-ation,  satisfactory  agree- 
ment, as  is  known,  is  found  to  exist  between  theory  and  experiment. 
It  is  possible  that  the  ROntgen  ray  may  be  due  to  this  longitudinal 
vibration,  but  this  remains  to  be  proved.  Jaumann  has  endeavored  to 
demonstrate  this,  but  was  refuted  by  M.  H.  Poincar^. 

Besides  these  explanations  there  is  a,  third,  which  consists  in  .saying, 
with  M.  A.  Schuster,  that  the  vibration  of  the  ether  which  yields  ibe 
ROntgen  ray  is  not  strictly  periodic;  periodicity  being  a  condition  of 
interference  a  troublesome  objection  is  thus  removed.  On  the  other, 
hand,  explanations  founded  on  the  theory  of  the  emission  of  matter 
are  also  problematical.  M.  Jean  Perrin  claims  that  the  ROntgen  ray 
is  due  to  the  vibration  of  atomic  corpuscles,  and  is  produced  by  their 
violent  encounter  with  material  molecules.  This  hypothesis  has  also 
the  advantage  of  taking  into  consideration  the  conditions  of  it.s  pro- 
duction. In  conclusion,  very  little  is  positively  known  of  the  nature 
of  this  physical  agent,  which,  to  quote  M.  Bouty,  has  remained  exceed- 
ingly mysterious  in  spite  of  the  united  efforts  of  the  scientific  world. 
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By  Signor  G.  Marconi,  M.  Inst  C.  B.» 


When  Ampere  threw  out  the  su^estion  that  the  theory  of  a  univer- 
sal ether,  poasessed  of  merely  mechanical  properties,  might  supply  the 
means  for  explaining  electrical  facts,  which  view  was  upheld  by  Joseph 
Henry  and  Faraday,  the  veil  of  mystery  which  had  enveloped  elec- 
tricity began  to  lift.  When  Maxwell  published,  in  1864,  his  splendid 
dynamical  theory  of  the  electro- magnetic  field,  and  worked  out  mathe- 
matically the  theory  of  ether  waves,  and  Hertz  had  proved  experi- 
mentally the  correctness  of  Maxwell's  hypothesis,  we  obtained,  if  I 
may  use  the  words  of  Professor  Fleming,  "the  greatest  insight  into 
the  hidden  mechanisms  of  nature  which  has  yet  been  made  by  the 
intellect  of  man." 

A  century  of  pn^ress  such  as  this  has  made  wireless  telegraphy 
possible.  Its  basic  principles  are  established  in  the  very  nature  of 
electricity  itself.  Its  evolution  has  placed  another  great  force  of 
nature  at  our  di.'<posaI. 

We  can  not  pay  too  high  a  tribute  to  the  genius  of  Heinrich  Hertz, 
who  worked  patiently  and  persistently  in  a  new  field  of  experimental 
physics,  and  made  what  has  been  called  the  greatest  discovery  in  elec- 
trical science  in  the  latter  half  of  the  nineteenth  century.  He  not  only 
brought  about  a  great  triumph  in  the  field  of  theoretical  physics,  but, 
by  proving  Maxwell's  mathematical  hypothesis,  he  accomplished  a 
great  triumph  in  the  progress  of  our  knowledge  of  physical  agents 
and  physical  laws. 

I  can  not  forbear  saying  one  word  as  to  the  eminent  electrician  who 
was  placed  in  his  last  home  as  recently  as  Saturday  last,  for  it  is  mani- 
fest that  several  years  ago  Professor  Hughes  was  on  the  verge  of  & 
great  discovery,  and,  if  he  had  persevered  in  his  experiments,  it  seems 
probable  that  his  name  would  have  been  closely  coanected  with  wire- 
,  less  telegraphy  as  it  is  with  so  many  branches  of  electrical  work,  in 
which  be  gained  so  much  renown  and  such  great  distinction. 

The  experimental  proof  by  Hertz,  thirteen  years  ago,  of  the  identity 

■Reprinted  from  PmceedingB  of  Ihe  Royal  Institution  of  Great  Britain,  Vol.  XVI, 
I^rt  U,  pp.  247-256.  R^ad  at  wet'kly  cvenitiK  meeting.  Friday,  February  2,  IflOO, 
Alexander  Siemens,  esq.,  M,  Inst.  C.  K.,  vice-president,  in  the  chur. 
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of  light  and  electricity,  and  the  knowledge  of  how  to  produce  and  how 
to  detect  these  ether  waves,  the  existence  of  which  had  been  so  far 
unknown,  made  possible  true  wireless  telegraphy.  I  think  I  may  he 
justified  in  saying  that  for  several  years  the  full  importance  of  the  dis- 
coverj'  of  Hertz  was  realized  but  by  very  few,  and  for  this  reason  the 
early  development  of  its  practical  application  was  slow. 

The  prai'tical  application  of  wireless  telegraphy  at  the  present  time 
is  many  times  as  great  as  the  predictions  of  five  years  ago  led  uh  to 
expect  in  so  short  a  time.  The  development  of  the  art  during  the  past 
three  or  four  years  and  its  present  state  of  progress  may  perhaps 
justify  the  interest  which  is  now  taken  in  the  subject.  Yet  only  a 
beginning  has  been  made  and  the  possibilities  of  the  future  can  as  yet 
be  only  incompletely  appreciated.  All  of  you  know  that  the  idea  of 
communicating  intelligence  without  visible  means  of  connection  ia 
almost  as  old  as  mankind.  Wireless  telegraphy  by  means  of  Hertzian 
waves  is,  however,  very  young.  1  hope  that  if  I  pass  over  the  story 
of  the  growth  of  this  new  art,  as  I  have  watched  it,  or  do  not  attempt 
to  prove  questions  of  priority,  no  one  will  take  it  for  granted  that 
nothing  is  to  be  said  on  these  subjects,  or  that  all  that  has  been  said 
is  entirely  correct. 

The  time  allowed  for  this  discourse  is  too  short  to  permit  me  to 
recount  all  the  steps  that  have  led  up  to  the  practical  applications  of 
to-day.  I  believe  it  will  probably  interest  you  more  to  hear  of  the 
problems  which  have  lately  been  solved,  and  the  very  interesting 
developments  which  have  taken  place  during  the  last  few  months. 

I  find  that  a  great  element  of  the  success  of  wireless  telegraphy  is 
dependent  upon  the  use  of  a  cobei'er  such  as  I  have  adopted.  It  has 
been  my  experience,  and  that  of  other  workers,  that  a  coherer  as  pre- 
viously constructed — that  is,  a  tube  several  inches  long  partially  tilled 
with  filings  inclosed  by  corks— was  far  too  untrustworthy  to  fulfill  its 
purpose.  I  found,  however,  that  if  specially  prepared  filings  were  con- 
fined in  a  very  small  gap  (about  1  mm.)  between  flat  plugs  of  silver, 
the  coherer,  if  properly  constructed,  became  absolutely  trustworthy. 
In  its  normal  condition  the  resistance  of  a  good  coherer  is  infinite,  but 
when  influenced  by  electric  waves  the  coherer  instantly  becomes  a  con- 
ductor, its  resistance  falling  to  100  or  500  ohms.  This  conductivity  is 
maintained  until  the  tube  is  shaken  or  tapped. 

I  noticed  that  by  employing  simitar  vertical  and  insulated  rods  at 
both  stations  it  was  possible  to  detect  the  effects  of  electric?  waves  of 
high  frequency,  and  in  that  way  convey  the  intelligible  alphal>etical 
signals  over  distances  far  greater  than  had  been  believed  to  be  possible 
a  few  years  ago. 

I  had  formerly  ascertained'  that  the  distance  over  which  it  is  possi- 
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ble  to  signal  with  a  given  amount  of  energy  varies  approximately  witli 
the  square  of  the  height  of  the  vertical  wire,  and  with  the  square  i-oot 
of  the  capacity  of  a  plate,  drum,  or  other  form  of  capacity  area  which 
may  be  placed  at  the  top  of  the  wire*^. 

The  law  governinc  the  relation  of  height  and  distance  has  already 
been  proved  correct  up  to  a  distance  of  85  miles.  Many  months  ago 
it  was  found  possible  to  communicate  from  the  North  Haven,  Poole, 
to  Alum  Bay,  Isle  of  Wight,  with  a  height  of  75  feet,  the  distance  being 
18  miles.  Lateron  two  installations  with  vertical  wires  of  double  that 
length,  i.  e.  150  feet,  were  erected  at  a  distance  of  85  miles  apart,  and 
signals  were  easily  obtained  between  them.  According  to  a  rigorous 
application  of  the  law,  72  miles  ought  to  have  been  obtained  instead  of 
85;  but  as  I  have  previously  stated,  the  law  has  been  proved  only  to'be 
approximately  correct,  the  tendency  being  always  on  what  I  might  call 
the  right  side;  thus  we  obtain  a  greater  distance  than  the  application 
of  the  law  would  lead  us  to  believe.  There  is  a  remarkable  circum- 
stance to  be  noted  in  the  case  of  the  85  itiiles  signaling.  At  the  Alum 
Bay  station  the  mast  is  on  the  cliff,  and  there  is  no  curvature  of  the 
earth  intervening  between  the  two  stations;  that  is  to  say,  a  straight 
line  between  the  base  of  the  Haven  and  Alum  Bay  stations  would  clear 
the  surface  of  the  sea.  But  in  the  case  of  the  85  miles  the  two  stations 
were  located  on  the  sea  level,  and  between  them  exists  a  hill  of  water, 
owing  to  the  earth's  curvature,  amounting  to  over  1,000  feet.  If  those 
waves  traveled  only  in  straight  lines,  or  the  effect  was  noticeable  only 
across  open  space,  in  a  direct  line,  the  signals  would  not  have  been 
received  except  with  a  vertical  wire  1,000  feet  high  at  both  stations. 

While  carrying  out  some  experiments  nearly  three  years  ago  at  Salis- 
bury, Captain  Kennedy,  K.  E.,  and  I  tried  numei-ous  forms  of  induction 
coils  wound  in  the  ordinary  way,  that  is,  with  a  great  number  of  turns 
of  wire  on  the  secondary  circuit,  with  the  object  of  increasing,  if  pos- 
sible, the  distance  or  range  of  transmi.-)sion;  but  in  every  case  we 
observed  a  very  marked  decrease  in  the  distance  obtainable  with  the 
given  amount  of  energy  and  height.  Similar  results  were  obtained 
some  months  later,  I  am  informed,  in  experiments  carried  out  by  the 
general  post-office  engineers  at  Dover. 

In  all  our  above-mentioned  experiments  the  coils  used  were  those  in 
which  the  primary  consisted  of  a  .smaller  or  larger  number  of  turns 
of  comparatively  thick  wire,  and  the  secondary  of  several  layers  of 
thinner  wire.  I  believe  I  am  right  in  saying  that  hundreds  of  these 
coils  were  tried,  the  result  always  being  that  Ity  their  employment  the 
possible  distance  of  signaling  was  considerably  diminished  instead  of 
being  increased.  We  eventually  found  an  entirely  new  form  of  induc- 
tioD  coil  that  would  work  satisfactorily,  and  that  began  to  increase  the 
distance  of  signaling. 

The  results  given  by  some  of  the  new  form  of  induction  coils  have 
8M1901 19 
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been  I'emarkable.  During  the  naval  maneuvers  I  had  an  opportunity 
of  testing  how  much  they  increased  the  range  of  signaling  with  a  given 
amount  of  energj-  and  height.  When  working  between  the  cruisers 
Juno  and  Enmp<i,  I  asceitained  that  when  the  induction  coil  was 
omitted  from  the  receiver,  the  limit  distance  obtainable  was  7  miles, 
but  with  an  improved  form  of  induction  coil  included,  a  distance  of 
over  60  miles  could  be  obtained  with  certainty.  This  demonstrated 
that  the  coils  I  used  at  that  time  increased  the  possible  distance  nearly 
tenfold.  I  have  now  adopted  these  induction  coils,  or  ti-ansfonners,  at 
all  our  permanent  stations. 

A  number  of  experiments  have  been  carried  out  to  test  how  far  the 
Wehnelt  brake  was  applicable  in  substitution  for  the  ordinary  make 
and  brake  of  the  induction  coil  at  the  transmitting  station;  but  although 
some  excellent  results  have  been  obtained  over  a  distance  of  40  miles 
of  land,  the  amount  of  current  used  and  the  liability  of  the  brake  get- 
ting fatigued  or  out  of  order  have  been  obstacles  which  have  so  far 
prevented  its  genei-al  adoption. 

As  is  probably  known  to  most  of  you,  the  system  has  been  in  pi-ac- 
tical  daily  operation  between  the  Ea^it  Goodwin  light-ship  and  the 
South  Foreland  light-house  since  December  24,  1898,  and  I  have  good 
reason  for  believing  that  the  officials  of  Trinity  House  are  convinced 
of  its  great  utilitj'  in  connection  with  light-ships  and  light-houses.  It 
may  be  interesting  to  you  to  know  that,  as  specially  arranged  by  the 
authorities  of  Trinity  House,  although  we  maintain  a  skilled  assistant 
on  the  light-ship,  he  is  not  allowed  to  work  on  the  telefjraph.  The  work 
is  invariably  done  by  one  of  the  -seamen  on  the  light-ship,  many  of 
whom  have  been  instructed  in  the  use  of  the  instrument  by  one  of  my 
assistants.  On  Hve  m-casions  assistance  has  been  called  for  by  the  men 
on  board  the  ship,  and  help  obtained  in  time  to  avoid  loss  of  life  and 
property.  Of  these  five  calls  for  assistance,  three  wei-e  for  vessels  run 
ashore  on  the  sands  near  the  light-ship,  one  because  the  light-ship  her- 
self had  been  run  into  by  a  steamer,  and  one  to  call  a  boat  to  take  off 
a  member  of  the  crew  who  was  seriously  ill. 

In  the  case  of  a  French  steamer  which  went  ashore  off  the  Good- 
wins, we  have  evidence,  given  in  the  admiralty  court,  that  by  means 
of  one  short  wireless  message  property  to  the  amount  of  £52,588  was 
saved;  and  of  this  amount,  I  am  glad  to  say,  the  owners  and  crews 
of  the  lifeboats  and  tugs  received  £3,000.  This  one  saving  alone  is 
prol>ably  sufficient  in  amount  to  equip  all  the  light-ships  round  England 
with  wireless  telegraph  apparatus  more  than  ten  times  over.  The  sys- 
tem has  also  been  in  constantu.se  for  the  official  communication  between 
the  Trinity  House  and  the  ship,  and  is  also  used  daily  by  the  men  for 
private  communication  with  their  families,  etc. 

It  is  difficult  to  believe  that  any  person  who  knows  that  wireless 
telegraphy  hjis  been  in  use  between  this  light-ship  and  the  South  Fore- 
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land  day  and  night,  in  storm  and  sunshine,  in  fog  and  in  gales  of  wind, 
without  breaking  down  on  any  single  occasion,  tan  believe  or  be  justi- 
fied in  saying  that  wireless  telegraphy  is  untrustworthy  or  uncertain  in 
operation.  The  light-ship  installation  is,  be  it  remembei-ed,  in  a  small 
damp  ship,  and  under  conditions  which  try  the  system  to  the  utmost. 
I  hope  that  before  long  the  necessary  funds  will  be  at  the  disposal  of 
the  Trinity  House  authorities,  in  order  that  communication  may  be 
e.stablished  between  other  light-ships  and  light-houses  and  the  shore, 
by  which  millions  of  pounds'  worth  of  property  and  thousands  of  lives 
may  be  saved. 

At  the  end  of  March,  1899,  by  arrangement  with  the  French 
Government,  communication  was  established  between  the  South  Fore- 
land light-house  and  Wimereux,  near  Boulogne,  over  a  distance  of  30 
miles,  and  various  interesting  tests  wei'e  made  between  these  stations 
and  French  war  ships.  The  maximum  distance  obtained  at  that  time, 
with  a  height  of  about  100  feet  on  the  ships,  was  42  miles.  The  com- 
mission of  French  naval  and  military  officers  who  were  appointed  to 
supervise  these  experiments,  and  report  to  their  Government,  were 
in  almost  daily  attendance  on  the  one  coast  or  the  other  for  several 
weeks.  They  became  intensely  interested  in  the  operations,  and  I 
have  good  I'easoni-  to  know  made  satisfactory  reports  to  their  Govern- 
ment. I  can  not  allow  this  opportunity  to  pass  without  bearing 
willing  testimony  to  the  courtesy  and  attention  which  characterised 
all  the  dealings  of  these  French  gentlemen  with  myself  and  staff. 

The  most  interesting  and  complete  tests  of  the  system  at  sea  were, 
however,  made  during  the  British  naval  maneuvers.  Three  ships  of 
the  "B"  fleet  wei'e  fitted  up^the  flagship  AI&.randra  and  the  cruisers 
Juno  and  EnroiHi.  1  do  not  consider  myself  quite  at  liberty  to 
describe  all  the  various  tests  to  which  the  system  was  put,  but  I 
believe  that  never  before  were  Hertzian  waves  given  a  more  difficult 
or  i-esponsible  task.  During  these  maneuvers  1  had  the  pleasure  of 
being  on  board  the  Juno,  my  friend.  Captain  Jackson,  R,  N.,  who  had 
done  some  verj'  good  work  on  the  subject  of  wireless  telegrapbj' 
before  1  had  the  plea.^ure  of  meeting  him,  being  in  command.  With 
the  Juno  there  was  usually  a  small  squadron  of  cruisers,  and  all 
orders  and  communications  were  transmitted  to  the  Juno  from  the 
flagship,  the  Jtino  repeating  them  to  the  ships  around  her.  This 
enabled  evolutions  to  he  carried  out  even  when  the  flagship  was  out 
of  sight.  This  would  have  been  impossible  by  means  of  flaf^s  or 
semaphores.  The  wireless  installations  on  these  liattlesbips  were  kept 
going  night  and  day,  most  important  maneuvers  being  carried  out 
and  valuable  information  telegraphed  to  the  admiral  when  necessary. 

The  greatest  distance  at  which  service  messages  were  sent  was 
60  nautical  miles,  between  the  Eiiropa  and  the  Juno,  and  45  miles, 
between  the  Juno  and  the  Alexandra,     This  was  not  the  maximum 
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distance  actually  obtained,  but  the  distance  at  which,  undet*  all  circum- 
stances and  conditions,  the  system  could  be  relied  upon  for  certain  and 
regular  transmission  of  service  iness^es.  During  tests  messages 
were  obtained  at  no  leiss  than  74  nautical  miles  (85  land  miles). 

As  to  the  opinion  which  naval  expei'ts  have  arrived  at  conceining 
this  new  method  of  communication,  1  need  only  refer  to  the  lettei's 
published  by  naval  officers  and  experts  in  the  columns  of  The  Times 
during  and  after  the  period  of  the  autumn  maneuvers,  and  to  the  fact 
that  the  admiralty  are  taking  steps  to  introduce  the  system  into  general 
use  in  the  navy. 

As  you  will  probably  remember,  victory  was  gained  by  the  "B" 
fleet,  and  perhaps  I  may  venture  to  suggest  that  the  facility  which 
Admiml  Sir  Oompton  Domville  had  of  using  the  wireless  telegraph  in 
all  weathers,  both  by  day  and  night,  contributed  to  the  success  of  his 
operations. 

Commander  Statham,  R.  N.,  tias  published  a  very  concise  descrip- 
tion of  the  results  obtained  in  the  Armj'  and  Navy,  illustrated,  and  I 
think  it  will  be  interesting  if  I  read  a  short  extract  from  the  admirable 
description  he  has  published: 

"  When  the  reseiTe  fleet  first  assembled  at  Tor  Bay,  the  Juno  was 
sent  out  day  by  day  to  communicate  at  various  distances  with  the  flag- 
ship, and  t^e  range  was  speedily  increased  to  over  30  miles,  ultimate^ 
reaching  something  like  50  miles.  At  Miiford  Haven  the  Eiiropa  was 
fitted  out,  the  first  step  being  the  securing  to  the  main  topmast  head 
of  a  hastily  prepared  spar  carrying  a  small  gaff  or  sprit,  to  which  was 
attached  a  wire,  which  was  brought  down  to  the  starboard  side  of  the 
quarter-deck  through  an  insulator  and  into  a  roomy  deck  house  on  the 
lower  afterbridge  which  contained  the  various  instruments. 

"  When  hostilities  commenced,  the  Europa  was  the  leading  ship  of  a 
squadron  of  7  cruisers  dispatched  to  look  for  tho  convoy  at  the  ren- 
dezvous. The  Junii  was  detached  to  act  as  a  link  when  necessary  and 
to  scout  for  the  enemy,  and  the  flagship  of  coui-se  remained  with  the 
slower  battle  squadron.  The  Europa  was  in  direct  communication 
with  the  flagship  long  after  leaving  Miiford  Haven,  the  gap  between 
i-eaching  to  30  or  40  miles  before  sne  lost  touch  while  steaming  ahead 
at  a  fast  speed.  (This  difference  between  the  ranges  of  communication 
on  these  ships  was  owing  to  the  Jano  having  a  nigher  mast  than  the 
Alexandra.) 

*'  Reaching  the  convoy  at  4  o'clock  one  afternoon,  and  leaving  it  and 
the  several  cruisera  in  charge  of  the  senior  captain,  the  Euro/Mi  hast- 
ened backtowai"d  another  rendezvous,  where  the  admiral  had  intended 
remaining  until  he  should  hear  whether  the  enemy  had  found  and 
captured  the  convoy;  but  scarcely  had  she  got  well  ahead  of  the  slow 
ships  when  the  Jwio  called  her  up  and  announced  the  admiral  coming 
to  meet  the  convoy.  The  Juno  was  at  this  time  fully  UO  miles  distant 
from  the  Eurttjia. 

"Now  imagme,"  says  Commander  Statham,  "a  chain  of  vessels  60 
miles  apart.  Only  five  would  be  necessary  to  communicate  some  vital 
piece  of  intelligence  a  distance  of  300  miles,  receive  in  return  their 
instructions,  and  act  immediately  all  in  the  course  of  half  an  hour  or 
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less.  This  is  possible  already.  Doubtless  a  vast  deal  more  will  lie 
done  in  a  vear  or  two  or  less,  and  meanwhile  the  authorities  should  be 
making  all  neceasarv  ari-angements  for  the  universal  application  of 
wireless  telegraphy  in  the  navy." 

The  most  important  results,  from  a  tec-hnical  point  of  view,  obtained 
during  the  maneuvei's  were  the  proof  of  the  gi-eat  increase  of  distance 
obtained  by  employing  the  transformer  in  the  receiver,  as  already 
explained,  and  also  that  the  curvature  of  the  earth  which  intervened, 
however  great  the  distance  attained,  was  apparently  no  obstacle  to  the 
transmission.  The  maximum  height  of  the  top  of  the  wire  attached 
to  the  instruments  al>ove  the  water  did  not  on  any  occasion  exceed  170 
feet,  but  it  would  have  been  geometvicallj  neces-sary  to  have  had  masts 
700  feet  high  on  each  ship  in  order  that  a  straight  line  between  their 
tops  should  clear  the  curved  surface  of  the  sea  when  the  ships  were  60 
nautical  miles  apart.  This  shows  that  the  Heitzian  waves  had  either 
to  go  over  or  round  the  dome  of  water  530  feet  higher  than  the  tops  of 
the  masts,  or  to  pass  through  it,  which  latter  coui-se  I  believe  would 
be  impossible. 

Some  time  after  the  naval  maneuvers,  with  a  view  to  showing  the 
feasibility  of  communicating  over  considerable  distances  on  land,  it  was 
decided  to  erect  two  stations,  one  at  Chelmsford  and  another  at  Har- 
wich, the  distance  between  them  being  40  miles.  These  Installations 
have  been  working  regularly  since  last  September,  and  my  experi- 
ments and  improvements  are  continually  being  carried  out  at  Chelms- 
ford, Hai-wich,  Alum  Bay,  and  North  Haven,  Poole. 

In  the  month  of  September  last,  during  the  meetings  of  the  British 
Association  in  Dover  and  of  the  Association  Fran^aise  pour  Tavance- 
ment  de  Science  in  Boulogne,  a  temporary  installation  was  fixed  in  the 
Dover  town  hall,  in  order  that  memhei"s  present  should  see  the  pi-acti- 
eal  working  of  the  system  between  England  and  France.  Messages  were 
exchanged  with  ease  between  Wimereux,  near  Boulogne,  and  Dover 
town  hall.  In  this  way  it  was  possible  for  the  members  of  the  two  asso- 
ciations to  converse  across  the  channel,  over  a  distance  of  30  miles. 

During  Professor  Fleming's  lecture  on  the  Centenary  of  the  Electric 
Current,  messages  were  transmitted  direct  to  and  received  from  Fi-ance, 
and'via  the  South  Foreland  light-house  to  the  East  Ooodwin  light- 
ship. Ad  interesting  point  was  that  it  was  demonstrated  that  the 
great  masses  of  the  Castle  Rock  and  South  Foreland  cliffs  lying 
between  the  town  hall,  Dover,  and  the  light-house  did  not  in  the 
least  degree  interfere  with  the  transmission  of  signals.  The  result 
was,  however,  by  no  means  new.  It  only  confirmed  the  results  of 
many  previous  experiments,  all  of  them  showing  that  itK'k  masses  of 
very  considerable  size  intervening  between  two  stations  do  not  iu  the 
least  affect  the  freedom  of  communication  by  ether  wave  telegraphy." 


■See  Jocrnal  ot  the  Inetitution  of  Electrical  Enfrineere,  April,  1899,  p.  280. 
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It  was  during  these  teats  that  it  was  found  possible  to  comtniiDicat« 
direct  from  Wimereux  to  Harwich  or  Chelmsford,  the  intervening 
distance  being  85  miles.  This  result  was  published  in  a  letter  from 
Professor  Fleming  addressed  to  the  Electrician  on  September  29,  The 
distance  from  Wimereux  to  Harwich  is  approximately  85  miles,  and 
from  Wimereux  to  Chelmsford  also  85  miles,  of  which  30  miles  are 
over  sea  and  55  over  land.  The  height  of  the  poles  at  these  stations 
was  150  feet,  but  if  it  had  been  necessary  for  a  line  drawn  between  the 
tops  of  the  masts  to  clear  the  curvature  of  the  earth,  they  would  have 
had  to  have  been  over  1,000  feet  high.  I  give  these  results  to  show 
what  satisfactory  progress  is  being  made  with  this  system. 

In  America  wireless  telegraphy  was  used  to  report  from  the  high 
seas  the  progress  of  the  yachts  in  the  international  yacht  race,  and  I 
think  that  occa-sion  holds  the  record  for  work  done  in  a  given  time, 
over  4,0(XI  woi-ds  being  transmitted  in  the  space  of  less  than  five  hours 
on  several  different  days. 

Some  tests  were  carried  out  for  the  United  States  Navy  ;  but,  owing 
to  insufficient  apparatus,  and  to  the  fact  that  all  the  latest  improve- 
ments had  not  been  protected  In  the  United  States  at  that  time,  it  was 
impossible  to  give  the  authorities  there  such  a  complete  demonstration 
as  was  given  to  the  British  authorities  during  the  naval  maneuvers. 
Messages  were  transmitted  between  the  battle  ship  Massachmetts  and 
the  cruiser  New  York  up  to  a  distance  of  36  miles. 

A  few  days  previous  to  my  departure  from  America  the  war  in  South 
Africa  broke  out.  Some  of  the  officials  of  the  American  line  suggested 
that,  as  a  permanent  installation  existed  at  the  Needles,  Isle  of  Wight, 
it  would  be  a  great  thing,  if  possible,  to  obtain  the  latest  war  news 
before  our  arrival  on  the  St.  Paul  at  Southampton.  I  readily  con- 
sented to  (it  up  my  instruments  on  the  St.  Paul,  and  succeeded  in  call- 
ing up  the  Needles  station  at  a  distance  of  66  nautical  miles  By  means 
of  wireless  telegraphy,  all  the  important  news  was  transmitted  to  the 
St.  Paul  while  she  was  underway,  steaming  20  knots,  and  messages 
were  destmtehcd  to  seveml  places  by  passengers  on  board.  News  was 
collected  and  printed  in  a  small  paper  called  the  Transatlantic  Times 
several  hours  before  our  arrival  at  Southampton. 

This  was,  I  believe,  the  first  instance  of  the  passengers  of  a  steamer 
receiving  news  while  seveml  miles  from  land,  and  seems  to  point  to  a 
not  far  distant  prospect  of  passengers  maintaining  direct  and  regular 
comnmnication  with  the  land  they  are  leaving  and  with  the  land  they 
are  approaching,  by  means  of  wireless  telegraphy. 

At  the  tardy  request  of  the  war  office,  we  sent  out  Mr.  Bullocke 
and  five  of  our  assistants  to  South  Africa,  It  was  the  intention  of 
the  war  office  that  the  wireless  telegraph  should  only  be  used  at 
the  base  and  on  the  railways,  but  the  officers  on  the  sj>ot  realized 
that  it  could  only  be  of  any  practical  use  at  the  front.  They  there- 
fore aflked  Mr.  Bullocke  whether  he  was  willing  to  go  to  the  front. 
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A-s  the  wbole  of  the  us^i^tants  volunteered  to  go  anywhere  with 
Jlr.  Bullocke,  their  services  were  accepted,  and  on  Decenibei- 11  they 
moved  up  to  the  camp  at  De  Aar.  But  when  they  arrived  at  De  Aar, 
they  found  that  no  arrangements  had  been  made  to  supply  poles,  kites, 
or  balloons,  which,  as  you  all  know,  are  an  e.ssential  part  of  the 
apparatus,  and  none  could  be  obtained  on  the  spot.  To  get  over  the 
difficulty,  they  manufactured  some  kites,  and  in  this  they  had  the 
hearty  assistance  of  two  officers,  viz,  Major  Baden-Powell  and  Captain 
Kennedy,  R.  E.,  who  have  often  helped  me  in  my  experimenta  in 
England.  (Major  Baden-Powell,  it  will  be  rememl>ered,  is  a  brother 
of  the  gallant  defender  of  Mafeking.) 

The  results  which  they  obtained  were  not  at  first  altogether  satis- 
factory, but  this  in  accounted  for  by  the  fact  that  the  working  was 
attempted  without  poles  or  proper  kites,  and  afterwards  with  poles  of 
insufficient  height,  while  the  use  of  the  kites  was  very  difficult,  the 
kites  being  manufactured  on  the  spot  with  very  deficient  material. 
The  wind  being  so  variable,  it  often  happened  that  when  a  kite  was 
flying  at  one  station  there  was  not  enough  wind  to  fly  a  kite  at  the 
other  station  with  which  they  were  attempting  to  communicate.  It  is 
therefore  manifest  that  their  partial  failure  was  due  to  the  lack  of 
proper  preparation  on  the  part  of  the  local  military  authorities,  and 
has  no  bearing  on  the  practicability  and  utility  of  the  system  when 
carried  out  under  normal  conditions. 

It  was  reported  that  the  difficulty  of  getting  through  from  one 
station  to  another  wan  due  to  the  iron  in  the  hills.  If  this  had  not 
been  cabled  from  South  Africa,  it  would  hardly  be  credible  that  any 
one  should  have  committed  himself  to  such  a  very  unscientific  opinion. 
As  a  matter  of  fact,  iron  would  have  no  greater  destructive  effect  on 
these  Hertzian  waves  than  any  other  metal,  the  rays  apparently  get- 
ting vei-y  easily  around  or  over  such  ot^tacles,  A  fleet  of  30  ironclads 
did  not  affect  the  rays  during  the  naval  maneuvers,  and  during  the 
yacht  race  I  was  able  to  transmit  my  messages  with  absolute  success 
across  the  very  high  buildings  of  New  York,  the  upper  stories  of 
which  are  iron. 

However,  on  getting  the  kites  up,  they  ensily  communicated  from 
De  Aar  to  Orange  River,  over  a  distance  of  some  70  mile-s.  I  am  glad 
to  say  that,  from  later  information  received,  they  have  \yeen  able  to 
obtain  poles,  which  although  not  quite  high  enough  for  long  dLstances 
are  sufficiently  useful.  We  have  also  sent  a  number  of  Major  Baden- 
Powell's  kites,  which  are  the  only  ones  I  have  found  to  be  of  real 
seiTice. 

Stations  have  been  established  at  Modder  River,  Knslin.  Belmont, 
Orange  River,  and  De  Aar,  which  work  well  and  will  be  invaluable  in 
case  the  field  telegraph  line  connecting  these  positions  .should  be  cut 
by  the  enemy. 

It  is  also  satisfactory  to  note  that  the  military  authorities  have 
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lately  arranged  to  supply  small  balloons  to  Diy  assistants  for  portable 
installations  on  service  wagons. 

While  I  admire  the  deteniiination  of  Mr.  BuUocke  and  our  assistants 
in  their  endeavor  to  do  the  very  best  they  eoutd  with  most  imperfect 
local  means,  I  think  it  only  right  to  say  that  if  I  had  been  on  the  spot 
myself  I  should  have  refused  to  open  any  station  until  the  officei's  had 
provided  the  means  for  elevating  the  wire,  which,  as  you  know,  is 
essential  to  success. 

Mr.  Bullocke  and  another  of  our  assistants  in  South  Africa  have  been 
ti'Hnsferred,  with  some  of  the  apparatus,  to  Natal  to  join  General  Bul- 
ler's  foi-ces,  and  it  is  likely  that  before  the  campaign  is  ended  wireless 
telegi"aphy  will  have  proved  its  utility  in  actual  wai-fare.  Two  of  our 
assistants  bravely  volunteered  to  take  an  installation  through  the  Boer 
lines  into  Kimberley;  but  the  military  authority  did  not  think  tit  to 
gi-aut  them  permission,  as  it  probably  involved  too  gi-eat  a  risk. 

What  the  bearing  on  the  campaign  would  have  been  if  working 
installations  had  been  established  in  Ladysmitb,  Kimberley,  and 
Mafeking  before  they  were  besieged,  I  leave  military  strategists  to 
state.  I  am  sure  you  will  agree  with  me  that  it  is  much  to  be  regretted 
that  the  system  could  not  be  got  into  these  towns  prior  to  the  com- 
mencement of  hostilities. 

I  find  it  hard  to  believe  that  the  Boei-s  possess  any  workable  instru- 
ments. Some  instruments  intended  for  them  were  seized  by  the 
authorities  at  Cape  Town,  These  instruments  turned  out  to  have  l)een 
manufactured  in  Germany.  Our  assistants,  however,  found  that  theue 
instruments  were  not  workable,  I  need  hai-dly  add  that  as  no  appa- 
i-atus  has  Ijeen  supplied  by  us  to  anyone,  the  Boers  can  iiot  possibly 
have  obtained  any  of  our  instruments. 

I  have  spoken  at  great  length  about  the  things  which  have  Ireen 
accomplished.  I  do  not  like  to  dwell  upon  what  may  or  will  l)e  done 
in  the  immediate  or  more  distant  future,  but  there  is  one  thing  of 
which  I  am  confident,  viz,  that  the  progress  made  this  year  will 
greatly  surpass  what  has  been  accomplished  during  the  last  twelve 
mouths;  and,  speaking  what  I  Ijclieve  to  be  sober  sense,  I  say  that  by 
means  of  the  wireless  telegraph,  telegrams  will  be  as  common  and  as 
much  in  daily  use  on  the  sea  as  at  present  on  land. 


[Mr.  Marconi's  experiments  in  trans-Atlantic  telegraphing  were  thus 
described  in  the  New  York  Herald  of  Sunday,  December  15,  and 
Tuesday,  December  17.  1901: 

(Eilmn  Irom  Now  York  HEnild,  Dcrcomber  15,  IMl.] 

St.  Johns,  Xewfocndland,  Saturday,  Decemher  1^. 
Mr.  Marconi  announced  to-day  that  he  has  successfully  received  by 
wireless  telegraphy,  at  the  station  on  Signal  Hill,  messages  from  the 
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station  recently  erected  near  the  Lizard,  in  Cornwall,  England.  These 
meijsages,  Mr,  Marconi  said,  were  received  on  Wednesday  and  Thurs- 
day afternoons.  He  had  arranged  with  the  Cornwall  station  that  the 
letter  "S"  was  to  be  signaled  at  6  o'clock  in  the  evening,  which  would 
be  half-past  2  o'clock  here,  and  signals  were  received  &»  arranged  on 
Wednesday  and  Thui-sday,  though  no  signal  came  yesterday  or  to-day. 

MR.    MARCONI    DESCRIBES   THE   TEST. 

"1  thought  it  advisable,"  said  Mr.  Marconi,  "with  the  machinery 
which  had  escaped  damage  at  Cornwall,  to  see  whether  it  was  possible 
to  obtain  signals  here  fi-om  England  at  the  same  time  I  tried  experi- 
ments with  trans-Atlantic  liners. 

"  When  the  kite  elevated  the  wire  to  a  height  of  400  feet  above  Sig- 
nal Hill  on  Wednesday  a  number  of  signals,  consisting  of  the  letter 
'S,'  which  signal  was  ordered  to  be  sent  from  Cornwall,  were  clearly 
received  on  Signal  Hill  by  the  receiving  instruments.  We  again 
^ecei^ed  the  signals  perfectly  on  Thursday. 

"The  signals  were  obtained  only  when  the  kite  was  up  to  a  consid- 
erable height.  For  some  reason  yesterday  nothing  was  received,  and 
to-dav  we  could  not  get  the  kite  up  on  account  of  the  weather.  It  has 
been  "blowing  too  heavily  every  day  for  balloons,  which  would  be  best 
to  experiment  with. 

SUCCESS   HAS   ALTERED   HIS   PLANS. 

"The  success  of  these  tests  will  alter  my  plans.  I  intend  to  sus- 
pend further  tests  with  kites  and  balloons  for  a  short  time  and  erect  a 
large  station  here,  at  a  cost  of  $50,000,  having  towers,  or  masts,  for 
supporting  wires.  This,  of  course,  provided  there  is  no  governmental 
or  other  objection.  This  will  necessitate  my  going  hack. to  England 
at  the  end  of  next  week  in  order  to  have  the  necessary  equipments 
sent  here,  with  suitable  transmitting  machinery  and  other  require- 
ments. 

"By  that  time  I  hope  to  have  the  Cape  Cod  Station  in  working 
order  again,  so  as  to  complete  a  regular  triangular  service.  No 
doubt  the  success  of  my  experiments  nere  will  cause  a  sensation  in 
telegraphic  circles,  and  many  will  find  it  difficult  to  believe  it. 

"1  myself  had  very  little  doubt  as  to  our  ultimate  success,  but  1 
thought  it  advisable  not  to  communicate  befq^ehand  the  exact  scope  of 
these  tests,  as  I  considerwl  it  would  be  better  to  assure  myself  of  suc- 
cess before  publishing  details'  even  of  installations  at  Cornwall  and 
Cape  Cod,  and  what  we  hoped  to  accomplish  by  them.  It  is  right, 
however,  that  the  public  should  now  know  of  the  grand  result  of  my 
experiments  here. 

"I  hope  in  the  course  of  a  few  months  to  have  a  system  of  direct 
communication  across  the  Atlantic  in  working  order,  and  it  can  then 
be  easily  ascertained  whether  the  discovery  is  of  pi-actical  use  for 
commercial  and  other  purposes.  I  have  no  doubt  in  the  matter,  but 
I  am  content  to  wait  and  let  events  prove  that  I  am  correct  in  my 
belief, 

"The  instruments  I  have  at  present  are  extremely  sensitive,  and  I 
am  of  the  opinion  that  in  order  to  make  the  signals  absolutely  reliable 
it  will  be  necessarv  to  arrange  for  more  power  at  the  sending  station 
in  Oomwall,  whic^  I  wilt  arrange  for  on  my  return  to  England." 
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Mr.  Marconi's  company  about  a  year  ago  decided  to  put  up  two 
very  large  stations,  at  a  cost  of  $70,f)00  each,  at  (Jape  Cod,  Ma-*sachu- 
setts,  ana  near  the  Lizard,  in  Cornwall,  England,  the  object  l>eing  to 
ascertain  how  much  an  application  of  a  large  amount  of  power  would 
increase  the  practical  distance  by  which  it  is  possible  to  communicate 
by  wireless  telegraphy. 

The  stations  in  Cornwall  and  Cape  Cod  consisted  of  heavy  machinery 
and  20  poles,  210  feet  high,  supporting  a  large  number  of  vertical 
wires.  The  station  in  Cornwall  was  pi^acticallv  destroyed  during  a 
heavy  gale  in  September,  and  was  only  partially  renewed.  It  will 
not  be  completely  repaired  for  another  two  or  three  months.  The 
Cape  Cod  Station  was  also  damaged  recently, 

St.  Johns,  Newfoundland,  Saturday. 

Confirm  that  signals  were  received  here  Thui-sday  and  Friday  direct 
from  Cornwall,  receiving  wire  suspended  from  a  kite. 

Marconi. 

[From  the  New  YorK  Hersld,  December  17,  ITOl.] 

To  tite  Editor  of  the  -Vtw  York  IL/rald: 

I  have  to  confirm  the  dispatch  of  your  correspondent  regarding  the 
receipt  by  me  here  of  signals  direct  from  Cornwall.  The  exact  par- 
ticulars are  as  follows: 

Before  leaving  England  I  arranged  for  our  long  distance  i^tation  near 
the  Lizard  to  signal  me  the  letter  "S"  repeatedly  for  three  hours 
when  I  had  advised  them  that  1  was  ready  to  receive  the  same.  I 
cabled  on  Monday  that  all  was  in  readiness  and  aslced  the  signal  to  be 
sent  at  short  intervals  between  3  o'clock  and  fi  o'clock,  Greenwich 
time,  and  to  be  continued  each  day  until  ordered  to  stop.  This  time 
would  correspond  approximately  with  half  past  11  to  half  past  2  here. 

I  received  on  Thursdav  indications  of  the  signals  at  half  past  12,  and 
with  cei-tainty  and  unmistakable  clearness  at  1(1  minutes  after  1  quite 
a  succession  of  "S"  being  i-eceived  withdistinctueso.  A  further  num- 
ber were  received  at  20  minutes  after  2,  the  latter  not  so  good.  Sig- 
nals were  received  Friday  at  28  minutes  after  1  o'clock,  but  not  so 
distinct  as  on  Thursda}'. 

I  am  of  the  opinion  that  the  reasons  why  I  did  not  obtain  continuous 
results,  were:  First,  the  fluctuations  in  tne  height  of  the  kite,  which 
suspended  the  aerial  wire;  and  second,  the  extreme  delicacy  of  ray 
receiving  instruments,  which  were  very  sensitive  and  had  to  be  adjusted 
repeatedly  during  the  coui-se  of  the  experiments. 

When  a  permanent  station  is  installed  here  1  will  not  be  dependent 
upon  fluctuations  of  the  wind,  and  I  am  confident  of  making  the  signals 
strong  and  reliable — that  is,  not  requiring  such  delicate  and  sensitive 
receiving  instruments  by  employing  much  greater  power  at  the  sending 
station. 

I  must  go  immediately  to  England  to  make  arrangements  for  employ- 
ing more  power  at  the  sending  station,  and  1  trust  in  a  very  short  time 
to  e-jtablisn  communication  between  the  two  continents  in  a  thoroughly 
reliable  and  commercial  manner. 

MABfONLJ 

St.  Johns,  Newfocndland,  Devtmher  16,  1901. 
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TRANSATLANTIC  TELEPHONING." 

THE    BEMARKABLE    INVENTION    BV   WHICH    DR.    M.    I.    PUPIS    HAS   REVO- 
LUTIONIZED THE  TRANSMISSION  OP  ELECTRICITY. 


By  William  A,  Anthony,     . 

Former  Prmdenl  of  the  Anierican  iTittitule  of  Ekctricnl  Engine 


At  last  the  pcoblem  of  telephoning  over  tong-distance  lines  and 
ocean  cables  has  been  solved,  and  we  may  hope  soon  to  be  able  to  talk 
across  the  ocean  and  recognize  the  voice  of  a  friend  as  he  replies  to  qs 
from  London  or  Paris. 

0r.  M.  L  Pupin,  of  Columbia  University,  after  yeai-s  of  patient 
labor,  has  pointed  out  the  way  where  others  had  failed,  and  has  accom- 
plished what  many  had  believed  to  be  impossible. 

To  appreciate  the  impoiiance  of  what  Dr.  Pupin  has  done,  it  is  well 
to  contrast  the  two  problems  of  transmitting  telegraph  mess^es  on 
the  one  hand,  and  of  transmitting  telephone  messages  on  the  other. 
In  transmitting  a  telegi-aph  message,  the  sender  closes  and  opens  a  key 
that  makes  and  breaks  an  electric  circuit,  sending  to  the  line  electric 
impulses  that  magnetize  little  pieces  of  soft  iron,  and  so  operate  a 
lever  in  the  receiving  instrument  in  unison  with  the  key.  The  alpha- 
bet is  a  combination  of  dots  and  dashes.  When  the  key  is  closed  for 
an  instant  only,  a  very  short  electric  impulse  travels  along  the  line, 
causing  a  momentary  attraction  and  depression  of  the  lever,  which  is 
recognized  a.s  a  dot.  When  the  key  is  held  closed  for  a  little  time  the 
lever  is  held  down  for  a  corresponding  period  and  recoMs  a  dash. 
When  the  line  is  long  and  the  electric  impulses  become  weak,  so  that 
the  lever  responds  feebly,  a  new  source  of  current  is  introduced;  a 
new  "cii-cuit"  is  established,  extending  on  to  the  more  distant  point, 
and  the  lever  of  the  receiving  instrument  in  the  first  circuit  is  made  to 
open  and  close  this  second  circuit  exactly  as  did  the  key  at  the  begin- 
ning. So  the  message  is  given  to  the  new  circuit  with  renewed  energy, 
and  goes  on  again  to  produce  a  legible  record  at  double  the  distance 
from  the  sending  station.     When  the  receiving  instrument  is  made 

•Reprinted,  by  courtesy  ol  Doubleiiay,  Page  &  Co.,  from  Everybody'sM^^ine, 
Vol.  IV,  April,  1901.    Copyrighted. 
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thua  to  open  and  close  a  new  circuit,  it  is  called  a  repeater,  and  on  a 
land  line  such  repeaters  may  be  introduced  as  often  as  may  be  neces- 
sary to  transmit  the  message  as  far  as  we  please. 

On  an  ocean  cable,  however,  it  is  impossible  to  introduce  repeaters, 
and  the  only  thing  to  be  done  is  to  construct  receiving  instruments  of 
extreme  delicacy,  capable  of  responding  to  the  greatly  enfeebled  elec- 
tric impulses.  But  the  impulses  on  an  ocean  cable  are  not  merely 
enfeebled.  There  is  another  difiBculty  more  serious  still.  In  conse- 
quence of  what  is  called  the  capacity  of  the  cable,  the  impulses  are 
spread  out  or  prolonged,  so  that  a  momentary  impulse  started  at  the 
sending  end  reaches  the  receiving  end  much  prolonged.  It  may  help 
to  an  undei'standing  of  what  takes  place  if  we  consider  a  case  more  in 
line  with  every  day  experience.  Suppose  we  try  to  transmit  messages 
by  sending  puffs  of  air  into  a  long  tube.  It  is  evident  that  we  should 
succeed  better  if  the  tube  be  narrow  than  if  it  be  widened  into  a 
chamber  of  considerable  capacity  where  the  puffs  sent  into  the  tube 
would  make  little  impression,  and  where  they  would  find  room  to 
spread  out  and  become  not  only  enfeebled,  but  prolonged.  An  ocean 
cable  is  just  such  a  chamber  or  reservoir  for  electric  impulses.  It  has 
a  large  capacity  for  an  electric  charge.  Such  impulses  as  we  use  on 
land  lines  make  little  impression  upon  it,  and  such  effects  as  are  pro- 
duced at  the  receiving  end  are  so  prolonged  that  they  lose  all  their 
character  as  dots  and  dashes.  It  is  possible,  however,  to  adopt  our 
sending  to  this  condition.  We  can  wait.  We  can  allow  a  sufficient 
interval  between  the  successive  impulses  to  give  time  for  each  to  pro- 
duce its  effect  at  the  receiving  end.  On  an  ocean  cable  we  can  tele- 
graph, but  we  must  telegraph  slowly. 

Very  different  is  the  problem  of  transmitting  speech.  Everyone 
knows  that  audible  sound  is  the  result  of  vibi-ations  in  the  air.  The 
differences  that  we  recognize  between  sounds  must  be  due  to  differences 
between  these  vibrations  or  sound  waves.  To  each  sound  must  corre- 
spond its  own  sound  wave,  distinctly  different  from  alt  the  others. 
Itis  wonderful,  even  when  the  air  alone  is  the  medium,  that  these  dis- 
tinctive differences  should  be  preserved  and  that  we  should  be  able  to 
recognize  such  a  great  variety  of  sounds.  It  is  still  more  wonderful 
when  we  study  the  sound  waves  and  find  in  what  small  differences  the  ' 
distinction  between  different  sounds  consists.  Far  more  wonderful 
still  is  it  when  we  consider  all  that  must  take  place  in  the  several  trans- 
formations between  the  speaker  and  the  hearer  when  sound  is  trans- 
mitted by  telephone. 

We  speak  against  a  thin  sheet-iron  disk  a  little  lai^er  than  a  dollar. 
The  vibration  is  communicated  to  the  disk,  and  this,  through  a  deli- 
cately adjusted  mechanism,  gives  rise  to  electric  waves  which  traverse 
the  wire  and.  in  the  receiving  instrument,  produce  vibrations  in  another 
disk,  which  communicates  them  to  the  air  and  so  to  the  ear.    Through 
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these  various  transformations  all  the  distinctive  characteristics  of  the 
sound  must  be  preserved.  The  vibrations  of  the  transmitter  disk,  the 
electric  waves  that  traverse  the  wire,  the  vibrations  produced  in  the 
receiver  disk,  must  retain  all  the  elements  that  characterized  the  origi- 
nal vocal  sounds.  This  must  be,  or  we  could  not,  as  we  do,  recognize 
not  only  the  spoken  words,  but  the  tone  and  modulations  of  the  voice, 
and  even  the  mood  of  the  speaker.  The  imperfections  of  electrical 
conductors  not  only  tend  to  enfeeble,  but  to  distort  the  electric  waves, 
and  a  little  distortion  is  sufficient  to  change  the  character  of  the  sound 
as  it  is  reproduced,  and  render  it  unrecognizable.  What  is  meant  by  a 
distorted  wave  may  be  seen  from  fig.  1,  where  a  may  represent  a 
wave  a^  given  to  a  telephone  line,  and  h,  c,  d  the  same  wave  which  has 
become  distorted  by  a  change  in  the  relation  of  its  elements  during 
transmission;  d  would  hardly  be  ren^nized  as  having  anything  in 
common  with  a. 


Let  us  consider  a  little  further  the  effect  of  the  conducting  line 
upon  the  waves  that  transmit  speech.  Speak  the  words  "soap"  and 
"soup,"  "mine"  and  "mean."  How  do  you  make  the  distinction? 
By  a  little  more  or  less  opening  of  the  mouth,  and  a  little  more  or  less 
pursing  of  the  lips.  Hetmholtz  has  shown  us  in  what  respect  the 
corresponding  sound  waves  differ.  It  appears  that  it  is  only  in  the 
little  waves  superimposed  upon  the  main  wave,  in  the  little  ripples, 
go  to  speak,  on  the  surface  of  the  larger  wave.  The  wave  for  the 
'*ou"  in  "soup"  might  look  like  this: 


And  the  wave  for  the  "  o  "  in  "  soap,"  like  this: 


n.i,z.dbvGo(>glc 
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The  ear  distinguUhes  the  difference  between  these  much  better  than 
the  eye. 

The  effect  of  the  long  telephone  line  upon  these  waves  is  something 
like  this: 


The  little  ripples  that  distinguish  the  sounds  die  out  before  the 
main  wave.  Such  changes  as  these  render  repeat«ra  useless  on  a  tele- 
phone wire,  for  no  repeater  can  restore  characteristics  that  have 
already  been  lost.  On  an  ocean  cable  this  dying  out  occurs  more 
quickly  than  on  a  land  line;  and,  besides,  the  main  wave  is  distorted 
and  flattened  so  as  to  lose  its  identity  altogether. 

This  was  the  situation  in  long-distance  telephony  when  Dr.  Pupin 
attacked  the  problem  six  or  seven  years  ago.  While  tramping 
through  Switzerland  in  1894  he  improved  his  spare  moments  by  read- 
ing Lord  Rayleigh  on  the  theory  of  sound.  That  part  relating  to  the 
vibration  of  strings  led  him  to  consider  the  telephone  problem.  Sup- 
pose a  long  string  attached  to  a  mechanism  which  can  only  be  operated 
by  transverse  jerks  of  the  string.  If  the  end  of  the  string  at  a  dis- 
tance from  the  mechanism  be  moved  back  and  forth,  waves  will  travel 
along  it,  and  may  supply  the  jerks  required  to  operate  the  niechanisDi. 
But  if  the  string  l>e  very  light,  and  the  resistance  to  its  motion  great — 
if,  for  instance,  it  were  in  a  tank  of  water— the  waves  impressed  upon 
it  would  rapidlj-  die  out,  and  it  might  be  necessary  to  swing  the  string 
back  and  forth  with  all  the  violence  at  our  command,  in  order  that 
they  should  reach  the  mechanism  at  all.  Substitute  a  heavy  ntring  for 
the  light  one.  Waves  imparted  to  it  will  have  a  much  greater  power 
of  persistence.  It  will  be  necessary  to  impart  a  much  less  violent 
motion,  and  this  of  itself  reduces  very  much  the  effect  of  the  resist- 
ance of  the  medium  in  which  the  string  swings.  But  we  need  not  use 
a  string  that  is  uniformly  heavy.  The  effect  of  the  heavy  string  may 
be  closely  imitated  by  distributing  heavy  masses  along  it  at  intervals. 

Dr.  Pupin  set  himself  to  solve  the  problem  of  the  behavior  of  such 
a  loaded  string  in  a  resisting  medium.  Its  solution  had  not  been  before 
attempted,  for  its  tremendous  intricacy  would  baffle  anyone  who  had 
not  at  command,  as  Dr.  Pupin  ha-s,  the  resources  of  the  "higher 
mathematics."  Many  perplexing  questions  are  involved.  Given  a 
certain  amount  of  enei^-,  to  be  transmitted  by  means  of  a  string 
swinging  in  a  given  resisting  medium,  how  heavy  must  be  the  masses! 
How  near  together  must  they  be  placed?  Can  they  I»e  so  placed  and 
proportioned  that  they  will  ser\-e  equally  well  for  the  transmission  of 
long  or  sboi't  waves;  that  is,  of  slow  or  rapid  vibratory  motions! 
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It  will  be  asked  wbat  tbi^  hits  to  do  with  the  tmn^^mi-ssion  of  speech 
over  long  telephone  lines.  Speech  is  tntnt^mitted  by  electric  waves, 
and  waves  are  waves.  subje<'t  to  similar  laws,  whether  they  occur  in  a 
stretched  cord,  or  in  an  elastic  fluid,  or  in  an  electric  cuiTcnt.  From 
energy  transmitted  by  waves  in  a  cord,  to  energy  transmitted  by 
waves  in  an  electric  current,  is  only  a  step.  It  has  long  been  known 
that  a  conductor  wound  in  a  close  coil  gives  to  an  electric  current  in 
it  something  of  the  properties  of  a  massive  l>ody.  It  is  hard  to  start 
a  current  in  such  a  coil,  but  once  started,  it  is  just  as  hai'd  to  stop  it. 
Coils  placed  along  a  telephone  line  will  have  an  effect  similar  to  the 
masses  along  the  cord.  Electric  waves  started  on  such  a  line  will  be 
persistent  waves,  they  will  not  die  out,  they  will  retain  their  form 
and  characteristics.  With  such  an  aid  the  New  Yorker  can  ask  of  his 
Chicago  correspondent,  "  What  will  that  mine  cost! '"  without  fear  that 
he  will  understand  it:  "Who  was  that  mean S" 

But  this  is  not  the  whole  story.  Let  us  go  back  to  the  weighted  cord. 
It  is  plain  that  a  small  motion,  a  comparativelj'  slow  movement,  given 
to  the  heavy  masses  would  )>e  the  equivalent  of  a  much  more  rapid 
movement  given  to  the  cord  alone.  Slow  movements  always  mean 
small  losses.  The  cost  of  carrying  a  ton  from  New  York  to  Chicago 
on  a  slowly  moving  freight  train  is  far  less  than  of  carrying  the  same  on 
the  high-speed  passenger  train.  The  slowly  moving,  heanly  weighted 
cord  will  carry  from  end  to  end  the  power  imparted  to  it  with  little 
loss  in  the  resisting  medium. 

So  it  is  with  the  electric  rurrenta  in  Dr.  Pupin's  line.  It  is  a  heavily 
weighted  current.  A  very  little  current,  with  the  high  pressure  it 
can  exert  in  consequence  of  the  action  of  the  coils,  may  convey  as 
much  power  as  a  much  larger  current  on  an  ordinary  line.  Now, 
every  electrician  knows  that  the  loss  of  power  occurring  on  a  con- 
ductor is  proportional  to  the  .square  of  the  current — that  is,  if  you 
have  only  half  the  current  there  ia  but  one-fourth  the  loss;  one-fourth 
the  current,  one-sixteenth  the  loss,  etc.  Every  electrician  knows,  too, 
that  the  same  power  may  be  transmitted  by  a  small  current  by  inci"eas- 
ing  the  electric  pressure  just  in  proportion  as  the  current  is  reduced. 
This  is  recognized  wherever  electric  transmission  is  employed.  At 
Niagara  power  is  transmitted  to  near-by  points  at  a  pressure  of  2,CM>0 
volts;  but  on  the  line  to  Buffalo  10,000  volts  is  employed,  requiring 
only  one-fifth  the  current,  and  therefore  one-twenty-fifth  the  loss  if 
the  same  conductors  were  used.  In  California,  where  power  is  to  be 
carried  150  miles,  a  pressure  of  60,000  volts  will  be  employed.  Dr. 
PupiD^s  line  is  another  case  of  transmission  by  high  pressure  and  small 
current,  and  consequently  small  losses  and  little  attenuation  of  the 
waves. 

It  has  been  said  already  that  Dr.  Pupin  arrived  at  bis  results  by 
mathematical  investigation.     There  was  no  haphazard  experimenting, 
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fectly  uiiiform  speed  of  the  generator,  in  order  to  preserve  a  uiiiforni 
frequency  of  alternations.  (This  of  itself  wae  a  very  ingenious  device, 
and  ia  worth  a  brief  description.  It  is  shown  upon  the  table  in  fig. 
7  (PI.  II.)  A  stretched  piano  wire  was  arranged  to  be  kept  in  vibra- 
tion by  magnetic  impulses.  It  emitted  a  continuous  note  which  was 
tuned  to  unison  with  a  standard  tuning  fork,  seen  on  the  right.  A 
telephone  connected  in  circuit  with  the  generator  emitted  a  note  cor- 
responding to  the  frequency  of  the  alternating  cuiTent  wbi<'h  the 
generator  produced.  Stretched  along  the  front  edge  of  the  table  was 
a  resistance  wire  connected  with  the  electric  motor  which  drove  the 
generator.  By  varying  the  resistance  of  this  wire,  by  sliding  along 
it  the  weight  seen  resting  upon  it,  the  speed  of  the  generator  and  the 
number  of  alterations  per  second  could  be  varied.  An  aj^sistant  sat 
at  this  table  with  the  telephone  at  his  ear,  and,  by  varying  this  resist- 
ance, endeavored  to  keep  the  telephone  note  in  unison  with  that  of  the 
piano  wire.)  With  all  these  refinements  the  mea-sured  wave-length 
still  came  out  18  miles.  All  these  remeasurement^  and  reoomputa- 
tions  took  about  three  weeks,  and  it  began  to  look  as  though  the 
reconciliation  of  theory  with  experiment  was  hopeless.  At  last,  after 
going  over  the  computations  many  times,  it  was  discovered  that  a 
factor,  the  square  root  of  two,  had  been  overlooked  in  the  denomina- 
tor of  one  of  the  fractions.  Dividing  the  26  miles  by  this  gave  for 
the  theoretit^al  wave  length  al>out  IS  miles,  agreeing  with  the  meas- 
ured wave  length  to  about  one-tenth  of  1  per  cent.  This  wave  length 
of  18  miles  corresponds  to  a  velocity  of  transmission  of  these  electric 
waves  of  10,800  miles  per  second- 
On  the  table  in  fig.  8  (PI.  11),  at  the  left,  are  shown  some  coils  similar 
in  size  and  shape  to  those  which  will  be  used  on  land  lines  and  under- 
ground cables,  but  wound  with  different  wire.  On  land  lines  they 
would  be  placed  on  top  of  polea  at  intervals  of  one  to  two  miles.  On 
ocean  cables  the  coils  would  be  much  smaller,  and  placed  only  al>out 
one-eighth  of  a  mile  apart.  They  would  be  inclosed  in  the  protecting 
sheath,  and  would  appear  as  swellings  on  the  cable.  They  add  but  a 
small  fnwrtion  of  one  per  cent  to  the  weight,  and  will  not  interfere 
with  the  laying  of  the  cables.  These  coils  consist  of  an  iron  cwre 
made  of  rings  punched  from  sheet  iron  two  one-thousandths  of  an  inch 
in  thickness,  packed  up  to  form  a  hollow  cylinder  of  the  proper  length. 
This  is  wound  with  the  conducting  wire  by  threading  it  through  the 
center  as  the  figure  shows. 

Not  only  does  Dr,  Pupin's  line  serve  for  telephone  transmission. 
There  are  systems  of  nmltiplex  telegraphy  that  depend  upon  the  trans- 
mission of  electric  waves.  They  work  beautifully  in  the  laboratory 
over  short  lines,  giving  a  record  on  paper  of  dots  and  daj^hes  at  the 
rate  of  300  words  per  minute  for  each  instrument.  But  as  soon  as 
die  line  becomes  of  any  length,  the  waves  begin  to  lose  their  character, 
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the  dots  and  dsohes  begin  to  run  together,  and  finally  form  a  continuous 
line.  Tried  on  Dr.  PupinV  artificial  line  without  the  coils,  a  few  miles 
was  sufficient  to  render  the  record  illegible.  But  on  introducing  the 
coils,  the  dots  and  dashes  became  at  once  sharp  and  distinct,  and  several 
messages  could  be  transmitted  at  the  same  time  over  the  same  line,  by 
using  different  frequencies,  and  instruments  each  tuned  to  respond  to 
one  of  these  frequencies.  What  an  enormous  advantage  this  would  be 
on  an  Atlantic  cablel  The  maximum  i-ate  of  transmission  ever  reached 
on  an  Atlantic  cable,  and  that  only  as  a  t«st,  was  40  words  per  minute. 
This  multiplex  transmission  would  carry  this  up  to  1,500  words,  or 
many  times  more  than  is  now  possible  with  all  the  cables  working  to 
their  full  capacity. 

Such  is  the  invention  which  scientific  study  and  mathematical  analysis 
has  made  possible.  Most  electrical  engineers  would  have  said  that  coils 
of  wire,  of  all  things,  should  be  kept  out  of  a  telephone  line.  They 
are  used  in  alternating  current  circuits  to  hold  back  the  current.  They 
are  called  "choke  coils."  They  are  often  used  to  regulate  the  current 
flow.  But  every  electrical  engineer  knows  that  while  the  coil  does 
hold  back  the  current,  it  does  not,  like  a  mere  resistance,  consume 
power.  Such  current  as  goes  through  it,  goes  with  little  loss  of 
energy,  and  now  that  it  has  been  pointed  out,  it  is  easy  to  understand 
that  while  a  coil  does  hold  back  the  current,  it  does  not  interfere  with 
the  transmission  of  energy  over  the  line,  but,  by  diminishing  the  cur- 
rent, diminishes  in  a  greater  ratio  the  loss  on  the  line,  and,  above  all, 
serves  to  preserve  the  characteristics  of  the  electric  waves  and  so 
delivers  the  energy  to  the  receiver  in  the  same  f  oim  as  when  it  came  to 
the  line. 
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By  WiLLUM  J.  Hammer.  ' 


The  telephon<^raph,  or,  as  it  u  rtometiaieu  called,  the  ^"tele- 
graphone,"  the  ^'microphoDograph,"  and  the  "m^netophonograph," 
is  the  invention  of  a  Danish  electric h1  engineer,  Mr.  Waldemar  Poul- 
sen,  of  Copenhagen,  Denmark.  Thia  beautiful  and  ingenious  instru- 
ment was  considered  by  all  those  who  had  the  opportunity  of  seeing 
and  testing  it  at  the  reujnt  Paris  Exposition  to  be  the  most  interesting 
scientific  novelty  there  exhibited.  In  principle  it  is  so  simple  it  seems 
remarkable  that  with  all  our  familiarity  with  electricity  and  magnet- 
iam  such  an  invention  should  not  have  been  made  long  ago.  The 
apparatus,  which  is  indicated  in  figure  1  (PI.  I),  consists  of  a  drum  of 
brass  about  Hi  inches  in  length  by  5^  inches  in  diameter.  On  this 
drum,  which  is  revolved  by  means  of  an  electric  motor,  is  wound  225 
turns  of  steel  piano  wire,  of  a  diameter  of  about  1  ram.  Sup- 
ported above  this  wire,  and  in  contact  therewith,  is  a  tiny  magnet, 
such  as  are  shown  in  figure  2,  letters  A  and  C,  wbitdi  are  almost  nat- 
ural size.  This  magnet  is  attached  to  a  brass  support,  mounted 
on  a  shaft,  so  that  as  the  drum  or  cylinder  carrying  the  steel  wire 
revolves,  the  magnet  is  caused  to  move  from  right  to  left  across  the 
drum,  being  guided  by  a  grooved  finger  resting  upon  the  steel  wire 
on  the  di-um,  each  turn  in  the  steel  wire  passing  consecutively  before 
the  poles  of  the  tiny  m^net.     On  reaching  the  end  of  the  cylinder, 

'Wtuhingtan,  D.  C,  December  e,  1901. 
Hv  Dbar  Sib:  1  have  been  much  interested  in  the  Pouleen  tel^^phone,  which  I 
spoke  of  to  you  in  Paris,  and  I  do  not  know  of  anything  in  the  work  of  recent  yeara 
in  electricity  more  worthy  of  being  presented  to  the  readere  of  the  Smithsonian 
report.  Mr.  Hammer's  article,  wfaicb  you  show  me,  seems  to  be  a  very  satiefadory 
popular  exposition  of  it. 
Very  truly  youn, 

ALHXANDBit   UlUHAH    BKLh. 

Mr,  8,  P.  Imnoley, 

Secretary  of  the  SmUh»onian  IftMulwm, 

WoiAmpton,  i>.  a 
''  Presented  at  the  Xblst  meeting  of  the  American  Institute  of  Electrical  Engiueera, 
New  York,  February  28th,  1901.    Reprinted,  by  permission,  from  Vol.  XVlll  of  the 
Tnuuoctions  of  the  Institute. 
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an  arm  mounted  on  the  left  side  of  the  frame  strikes  the  tiny  lever 
shown  in  the  illustration,  raising  the  magnet,  and  causing  it  to  run 
rapidly  back  to  the  beginning  again  (the  carrier  being  guided  by  the 
coarse  threaded  shaft,  shown  parallel  to  the  supporting  shaft)  this 
operation  taking  but  five  seconds.  The  legs  of  this  magnet  arc  about 
seven -six  tee  nth  inch  long,  and  are  wound  with  bobbinw  of  wire  of 
about  the  same  size  as  those  employed  on  an  ordinary  receiving  tele- 
phone magnet.  A  cross  section  of  the  magnet  is  shown  in  lig.  2,  let- 
ter C.  It  has  been  found  that  a  horse-shoe  form  of  m^net,  as  shown 
in  fig.  2,  letter  B,  will  not  respond  rapidly  enough,  and  it  is  prcfemble 
to  employ  two  separate  magnets  electrically  connected,  as  shown  in 
fig.  2,  letter  C.  Jn  the  ribbon  form  of  telephonograph  the  horse- 
shoe magnet  shown  in  fig.  2,  letter  D,  may  l)e  used,  but  even  here 
two  magnets  electrically  i-onnected  are  pi'eferal)le.  This  recording 
electro -magnet,  which  has  a  resistance  of  100  ohms,  is  connected  in 
circuit  with  an  ordinary  carbon  telephone  transmitter,  and  a  couple 
of  cells  of  Ikattery,  and  prefei'ably  with  an  induction  coil  in  the  usual 
manner.     When  the  transmitter  is  spoken  into,  it  acts  us  ii  tap  upon 
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Fici.  v.— Telephonograph  mngiief!". 

the  lattery  and  causes  currents  of  varying  strength,  and  in  propor- 
tion to  the  strength  of  the  sound  waves  impinging  upon  the  diaphragm, 
to  pass  through  the  wire  wound  on  the  electro-magnet.  Now  as  the 
steel  wii-e  wound  on  the  drum  passes  in  front  of  and  in  contact  with 
the  poles  of  the  magnet,  its  varying  magnetic  field  magnetizes  tmns- 
ver,sely  the  steel  wire,  and  the  "lines  of  force"  are  permanently 
recorded  therein.  After  the  steel  spiral  has  Iwen  filled,  which  opei-a- 
tion  takes  about  thirty-nine  seconds  at  an  ordinary  speed  of  talk- 
ing, and  recoi-ds  100  to  120  words,  the  tiny  magnet  ts  placed  at  the 
point  where  tlie  record  first  started,  and  in  place  of  the  transmitting 
telephone  with  which  it  wa.s  connected  a  Hell  receiving  telephone  is 
attached.  The  cylinder  or  drum  again  revolves,  and  as  the  magnet- 
ized steel  wire  psisscs  before  the  poles  of  the  electro-magnet  it  forms 
aspcciesof  magneto-elect  lie  generator,  givingoutcurrentsof  electricity 
of  a  strength  and  dii'ection  corresponding  to  the  magnetization  of  the 
steel  wire,  which  correspondingly  affect  the  Bell  telephone,  and  repro- 
duce the  sounds  and  words  originally  spoken  with  absolute  fidelity.  In 
E<iison's  phonograph  and  its  modifications,  such  as  the  gi-aphophone. 
gramophone,  etc.,  a  stylus  is  always  employed  to  indent  the  surface  of 
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Fk.  3— Poulsen'S  Band  Tele  phonograph. 
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wax,  metal,  or  other  yielding  Huh^tance.  The  stylus  resting  upon  such 
a  surface,  and  licin^  attached  an  it  is  to  the  vibrating  diaphragm  of  the 
phont^raph  transmitter,  k  affected  by  the  dampening  effect  of  the 
needle  or  its  inertia,  and  the  higher  harmonics  are  mure  or  less 
destroyed,  and  there  ai'e  ako  false  soundr<  produced,  due  to  the  molec- 
ular disturbances  in  the  needle  and  diaphragm  itself.  Although  Mr. 
£dison  has  recently  made  remarkable  improvements  in  the  perfection 
of  re<'ording  and  reproducing  by  means  of  his  phonograph  over  his 
earlier  forms,  there  are  difficulties  such  as  I  have  referred  to  which  it 
has  heretofore  been  impossible  to  overcome.  In  Poulsen's  telephono- 
graph,  however,  the  tiny  magnet  not  being  in  contact  with  the  steel 
wire,  the  lines  of  force  are  silently  stoi'ed  up,and  without  being  affected 
by  external  influences.  The  author  has  had  considerable  experience  in 
working  with  various  types  of  phonographs,  and  was  accorded  facilities 
to  examine  and  operate  the  telepbonograph  >)oth  at  Paris  and  Berlin, 
and  still  more  recently  here  in  New  York.  In  Berlin,  Messrs.  Mix  and 
Gene-st  have  for  some  time  past  been  conducting  a  laboratory  for  experi- 
mental development  of  the  telepbonograph,  and  through  their  cour- 
tesy and  that  of  Director  Zopke  I  was  affoi-ded  the  pleasure  of  visiting 
this  laboratory,  and  saw  some  very  interesting  developments  in  this 
promising  field.  I  found  the  instrument  would  record  and  reproduce 
the  most  delicate  sounds,  even  breathing  and  very  low  whispering,  and 
certain  words  which  those  who  have  had  experience  in  working  with 
the  phonograph  know  have  always  been  very  difficult  to  record  and 
reproduce  perfectly.  All  have  been  taken  care  of  most  perfectly  by 
the  telepbonograph.  If  it  is  not  desired  to  retain  the  record  made 
upon  the  steel  wire,  the  recording  magnet  is  placed  at  the  end  of  the 
drum  and  connected  with  a  couple  of  cells  of  I)attery,  which  supply  a 
constant  magneti^ting  current  to  the  magnet,  which  entirely  obliterates 
the  rec-ords  which  had  l>e<>n  stored  up  in  the  steel  wire,  us  this  wire  is 
pas-sed  before  the  poles  of  the  magnet.  A  permanent  tnagnet  may  also 
be  employed  for  this  pui-pose. 

Another  type  of  instrument  which  Mr.  I'ouUen  has  designed  is  shown 
in  tig.  3  {PI.  1).  This  con.sists  of  two  reels,  carrying  a  l>and  or  ribbon 
of  steel  al>out  three-sixteenths  inch  wide  and  about  one-thirty -second 
inch  thick.  This  steel  ribbon,  which  may  be  made  of  any  length  and 
which  may  bo  recoi'ded  upon  for  an  hour  or  more  at  a  time,  is  passed 
f  i-om  one  reel  to  the  other,  the  reels  being  o|)erated  by  a  small  electric 
motor.  Above  the  steel  Imnd  or  ribbon  is  placed  a  tiny  electro-magnet 
of  the  form  shown  in  tig.  '2,  letter  D,  which  is  connected  to  a  tele- 
phone trannsmitter  and  battery,  in  the  same  manner  as  in  the  instru- 
ment ali-eady  de.scribed,  and  after  a  record  has  Wen  made,  is  also 
connected  to  a  Bell  telephone  a-s  a  repi'oducing  instrument.  It  is  stated 
that  these  steel  ribbons  after  receiving  the  magnetic  recoi-d  could  be 
wound  in  many  layei-s.  similar  to  a  spool  or  Iwbbin  of  ribbon,  without 
affecting  the  record,  and  that  the  recoitl  could  be  reproduced  thou- 
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»and«  of  times.  It  in  twid  that  a  record  has  been  reproduced  2,S00 
times  and  has  still  been  very  perfect,  and  such  a  spool  containing  a 
record  could  be  shipped  across  the  country  and  piaved  on  another 
machine,  and  would  reproduce  the  sounds  which  originally  caused 
the  record  with  absolute  perfection,  and  even  a  rtxaty  wire  contain- 
ing a  record  has  been  aundpapered  and  polished  without  affecting 
appreciably  the  record.  In  fig.  5,  letter  D,  is  indicated,  first,  how 
the  steel  hand  is  magnetized  by  the  obliteratiag  magnet,  then  by 
the  varying  field  of  the  recording  magnet,  and  finally  by  the  reversal 
in  direction.  The  PouWn  telephonograph  in  its  ordinary  form 
does  not  speak  louder  than  an  ordinary'  Bell  telephone.  1  would 
suggest  the  employment  of  EMison's  "electro-motograph"  or  "chalk" 
telephone  receiver,  by  means  of  which  it  could  be  made  to  speak 
very  loud.  (An  audience  of  5,000  has  been  able  to  hear  perfectly 
this  Edison's  loud-speaking  telephone.)  Mr.  Poulsen  has  suggested 
a  number  of  other  methods  by  which  the  sound  could  be  aug- 
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mented.  It  is  claimed  that  by  increasing  the  speed  during  reproduc- 
tion, over  that  of  the  recording  speed,  the  telephone  speaks  much 
louder.  This  would,  however,  tend  only  to  inci'eaae  the  pitch,  and 
not  improve  the  volume  of  the  sound.  Other  methods  i^uggested 
by  Mr.  Poulsen  are  indicated  in  fig.  6,  lettei-s  A  and  C.  They  con- 
sist in  substance  of  methods  for  causing  one  transmitter  to  make  a 
number  of  records  on  separate  steel  wires  or  bands  which,  on  repeat- 
ing, cause  the  various  reproducing  magnets  to  simultaneously  affect 
the  one  telephonic  i-eceiver.  It  has  also  been  proposed  to  utilize  the 
telephonograph  as  a  talking  newspaper.  In  fig.  i  is  shown  a  method 
which  it  is  proposed  to  employ.  As  the  steel  ribbon  which,  in  this 
particular  form  is  endless  and  which  is  receiving  the  record,  passes 
from  one  reel  to  the  other,  as  indicated  by  the  arrows,  it  passes  con- 
secutively before  each  of  the  receiving  magnets,  which  are  shown  in 
horseshoe  form,  bat  which  may  also  be  single  pole,  and  the  subscrib- 
ers, whose  telephones  are  attached  to  these  minuets,  are  thus^on- 
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stantly  being  supplied  with  the  latest  news  of  the  day,  stock  quotations, 
etc.  After  the  ribbon  or  band  haa  passed  before  these  magnets  the 
obliterating  magnet  wipe^  out  all  of  the  magnetic  lines  of  forue  stored 
up  in  the  steel  band,  and  it  then  passes  on  to  receive  fresh  impressions 
from  the  recording  magnet  and  telephone.  In  this  connection  I  wish 
to  aay  that  in  Budapest  I  recently  found  a  talking  newspaper  system 
being  run  in  connection  with  the  supplying  of  music,  and  talking  from 
the  theatres  by  means  of  the  "  theatrophone."  During  the  day  the 
subscribers  were  constantly  being  informed  of  the  latest  news  of 
importance.  This  service,  which  supplied  many  thousands  of  sub- 
scribers, was  independent  of  the  regular  telephone  ttervice.  I  also 
remember  equipping  the  Theatrophone  Company  in  Paris  in  1889  with 
two  EMtson  phonographs  for  a  like  purpose — this  being  the  first 
attempt  in  this  direction.  Many  suggestions  have  recently  been  made 
for  employing  the  telephonograpb  in  telegrajAic  and  telephonic  work, 
just  as  were  made  many  years  ^o  when  Edison  invented  bis  phono- 
graph. It  remains  to  be  seen  how  important  the  practical  applications 
of  this  wonderful  scientific  instrument  will  become,  but  it  is  self- 
evident  that  any  invention  possessing  such  intrinsic  merit  is  certain 
sooner  or  later  to  meet  with  important  commercial  applications.  The 
author,  in  common  with  many  others,  has  used  the  phonograph  in  his 
o£Sce;  dictating  at  his  convenience  his  correspondence  upon  the  cylin- 
ders, fi'om  which  it  was  later  transcribed  by  the  typewriter.  He  was 
recently  shown  and  operated  a  form  of  Foulsen's  telephonograpb, 
which  had  three  magnets  attached  to  the  recording  magnet  carrier, 
which  enabled  him  to  start,  stop,  and  reverse  the  movement  of  the 
carrier,  and  also  obliterate  errors  in  the  wire.  In  fig.  5,  letters  B 
and  E,  are  shown  two  methods  proposed  for  duplexing.  The  two  sets 
of  magnets  are  shown  connected,  in  the  one  case,  in  parallel;  and  in 
the  other,  in  series.  These  magnets  may  all  be  connected  in  series 
or  all  in  multiple,  but  it  is  essential  that  they  should  be  with  the  proper 
polar  relation.  It  is  claimed  that  these  two  sets  of  recording  magnets 
send  waves  of  a  different  character  over  the  line,  and  at  the  raceiving 
end  of  the  circuit  each  reproducing  magnet  will  respond  to  its  proper 
wave.  I  believe  the  form  shown  in  fig.  5,  letter  E,  has  never  been 
demonstrated  to  be  practicable,  but  the  one  employing  the  two  rib- 
bons shown  in  fig.  &,  letter  B,  has  been  operated  successfully.  Sug- 
gestions have  been  made  for  using  the  telephont^raph  as  a  telephonic 
relay,  and  I  am  informed  that  some  experiments  have  been  made 
recently  in  this  direction  in  Europe,  and  it  may  perhaps  not  be  out 
of  place,  in  this  connection,  to  call  attention  to  the  experiments  made 
by  the  author  in  employing  the  phonograph  as  a  telephonic  relay  at 
the  time  of  his  lecture  on  Edison  and  His  Inventions,  delivered  before 
the  Franklin  Institute  on  February  4,  1889,  which  experiments  were 
described  in  the  Electrical  World  of  February  16,  1889,  and  other 
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]>apurs,  and  substHiutsntly  more  fully  described  in  the  Electrical  World 
and  Engineer,  of  June  3,  1899.  The  diagram  shown  in  tig.  6  (PI.  II) 
illustrates  very  clearly  the  arrangement  of  the  two  phonographs,  four 
telephones,  two  nets  of  induction  coils  and  batteries  and  other  appa- 
ratus, circuits,  etc.,  and  these  experiments  constitute,  I  believe,  the 
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first  pi-actical  form  of  telephonic  relay  which  has  ever  been  <'onstriirted, 
and  which  operated  with  perfect  success  over  104  miles  on  the  lines  of 
the  Long  Distance  Telephone  Company.  l>ctween  New  Vork  and  Phila- 
delphia. (It  is  interesting  to  note  that  the  sound  passed  through  the 
air  five  times,  through  fifteen  separate  mediums,  and  changed  its  phy- 
sical chnrRcteristics  48  times  in  tmnsniission.) ' 

•See  Klectrii'ttl  Worlil  ami  Kiigiiieer  of  Jui 
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By  Sir  William  J.  Herschkl. 


The  attempt  to  reproduce  the  natural  colors  of  objectu  in  a  pictui-e 
of  them  by  means  of  photography  may  be  regarded,  according  to  a 
man's  fancy,  either  as  a  confession  of  weakness — of  lack  of  artistic 
power  in  oneself^or  as  a  laudable  ambition  to  invoke  the  powers  of 
natui-e  to  do  what,  with  all  human  skill,  no  artist  can  ever  expect  to 
do  or  ever  claims  to  do.  The  artist,  whether  of  the  pencil  or  of  the 
palette,  has  a  liberty  of  expreosion  which  must  forever  make  him 
master  of  the  spirits  of  men  when  they  »eek  the  aid  of  painting  or 
drawing  to  represent  any  scene  to  their  senses.  He  alone  understands 
the  spirit  that  seeks  his  aid.  He  alone  knows  how  to  minister  to  it 
in  the  way  that  will  most  delight  and  instruct  it.  (iod  has  given  him 
a  great  wealth  of  materials  and  the  incompamble  gift  of  genius  in  his 
use  of  them  to  intei-pret  a  .scene  to  his  fellow-man.  If  he  fails,  as  he 
often  doe-',  in  h'm  task,  that  is  no  more  than  human  frailty  involves. 
When  he  .succeeds  he  has  given  us  a  joy  which  we  never  dream  of 
attaining  in  any  other  way  short  of  once  moi-e  beholding  the  object  of 
our  desir-s  as  we  saw  it  in  .some  happy  moment  of  our  lives.  I  am 
speaking,  of  course,  only  of  realities  and  not  of  twetical  or  idea!  art. 

No  one  can  be  more  conscious  of  the  vast  interval  that  lies  between 
himself  and  the  true  artist  than  the  humble  follower  of  nature  along 
the  paths  of  color  photography.  To  describe  his  position  as  a  student 
fully  and  justly  would  occupy  more  tin.e  than  you  can  spare  me;  but 
of  this  1  am  confident,  that  no  artist  can  have  his  feelings  more  keenly 
cultivated,  his  appreciation  of  the  delicacies  of  hue  and  of  shading 
more  exalted,  or  his  ambition  to  equal  nature  more  excited  by  the  tirst 
f ruit-4  of  his  labor.s  than  the  patient,  watehful  handler  of  the  camera 
and  its  adjuncts.  The  artist,  indeed,  stands  at  a  sti-ange  disadvantage 
here.  No  joy  can  ever  reach  him  which  he  has  not,  in  the  richness  of 
his  imagination,  already  tasted  before  he  meets  it  face  to  face  on  his 
canvas.  But  who  that  has  hung  in  eager  expectation  over  the  grow- 
ing wondei's  of  the  sensitive  plate  would  exchange  his  happiness  when 

'  Presiilential  address  by  Sir  William  J.  Herschel,  Bart.,  to  the  sixteenth  annual 
meeting  of  the  photographic  ironvention  of  the  Unit«<l  Kingdom,  Oxford,  July  S, 
1901.    Reprinted  from  the  British  Journal  of  PhoU^raphy,  July  12, 1001,  pp.  439-Ml. 
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success  rewardu  him  for  that  of  the  artiat  over  hii4  own  handiwork; 
surprise,  gratitude,  exhilaration,  them;  are  the  sudden  moods  of  the 
photographer  who  throws  himself  into  the  arms  of  nature  and  trusts 
to  her  methods  while  incessantly  pleading  for  more  and  more  of  her 
instruction.  What  shall  I  say  of  bis  many,  many  disappointments i 
Let  them  pass.  'W'n  know  their  value,  and  the  artist  knows  this,  too. 
Our  joys  and  his  are  not  the  same,  but  both  are  ripples  of  that  avijpi- 
Sftov  ytXaOfia^  the  countless  htughter  of  the  ocean  on  which  God's 
great  gift  of  light  dances  and  entrances  us. 

So  it  is  in  the  most  perfect  humility  of  spirit  that  we  approach  the 
subject  of  our  discourse  this  evening — the  practical  methods  now  known 
to  us  of  producing  colored  phott^i-apbs. 

These  fall  into  two  groups.  In  the  first,  as  now  in  our  common 
possession  and  practice,  come  those  which  employ  colored  glasses  or 
films  to  feed  the  photographic  plate,  leaving  the  latter  to  take  what  it 
will,  or  refuse  what  it  will,  according  to  the  high  commands  impressed 
upon  it  by  the  sun.  Let  no  one  be  under  the  delusion  that  here  is  any 
room  for  the  color  artist,  man,  to  tamper  with  the  result,  to  distribute 
the  colors  according  to  his  fancy.  The  very  contrary  is  the  case.  No 
departmentof  phot^raphy  is  so  hopelessly  bound  to  perfect  honesty 
and  freedom  from  trickery  as  color  photography.  A  first-year 
apprentice  in  the  studio  of  Mr.  Herkomer  would  as  soon  think  of 
improving  the  master's  touches.  It  would  mean  ruin  to  the  picture. 
Whatever  color  is  supplied  is  fairly  offered  to  the  sun  at  every  pin's 
head  of  the  plate  alike;  but  whether  it  is  to  be  seen  at  all,  and  if  seen 
whether  it  li  to  be  seen  in  its  full  strength  or  weakened  to  any  neces- 
sary extent,  is  not  in  our  hands.  That  rests  with  the  light  itself  to 
determine  which  falls  there  on  the  sensitive  sui*face,  and  woe  to  the 
man  who  tries  to  inteHere  there.  He  may  use  some  influence  in  regard 
to  considerable  ureas  at  n  time,  just  as  the  ordinary  photographer  can 
shade  or  modify  the  light  to  produce  general  effects,  but  as  to  details 
he  dare  not  say  a  word.  He  might  as  well  try  to  improve  a  miniature 
with  a  house  painter's  brush. 

The  first  specimens  of  this  kind  which  I  introduce  are  those  of  Mr. 
Ives's  process. 

The  three  photographic  positives  here  thrown  on  the  screen  together 
as  one  picture  are  plain  black  and  white.  They  each  act  in  the  .same 
way  that  the  natural  object  did — they  do  not,  indeed,  absorb  the  color 
of  the  covering  glass;  but  they  do  what  comes  to  the  same  thing,  they 
block  it  out  either  totally  or  in  various  degrees  as  each  point  of  the 
object  did  by  altsorption.  The  positive  was  obtained  by  photograph- 
ing the  object  through  a  glass  of  somewhat  similar  color.  That  it  is 
not  the  very  same  color  is  due  to  the  fact  that  the  photographic  power 
of  colored  light  is  not  on  all  fours  with  its  coloring  power  upon  the 
retina. 
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To  go  into  Hnything  tike  detail  on  this  complex  and  still  debated 
part  of  the  science  of  i-olor  photography  would  be  quite  impossible — 
and  1  am  glad  for  your  sake!)  that  it  is  so,  for  only  a  strong  expert 
like  Mr.  Ives  or  Mr.  Sanger  Shepherd  could  lead  you  aright  there. 
Suffice  it  to  say  that  at  this  point  the  judgment  of  the  human  eye  is 
the  final  court  of  appeal,  and  no  conclusions  based  upon  anything  less 
than  large  practical  experience  can  be  deemed  final.  We  are  still  in 
the  purely  empirical  stage  of  knowledge  as  to  the  physical  connection 
between  the  color  and  the  actinic  power  of  any  given  light  We  are 
not  even  sure  that  a  given  color  of  a  given  intensity  ha.'*  a  constant 
actinic  power  on  a  given  film.  What  we  see  here  is  the  result  of  Mr. 
Ives's  immense  practical  study. 

His  Kromskop  introduces  the  three  colors  to  the  eye,  not  by  super- 
position, which,  as  you  will  readily  see,  would  put  three  extinguishers 
on  the  top  of  each  other,  but  still  by  true  otMn-position.  The  mirrors 
(sheets  of  transparent  glass)  which  do  this  are  models  of  inventive 
power.  They  are  not  clear  glass,  but  tinted,  and  the  i-eason  for  this  is 
a  matter  of  refined  delicacy.  The  already  green  ini^e  passes  through 
a  transparent  green  glass,  placed  on  a  slope  which  thus  serves  on  its 
front  face  as  a  mirror  for  the  blue  image.  The  latter  would  be 
reflected  from  the  back  surface  also  if  the  glass  were  clear  white;  but 
being  green,  it  absorbs  the  second  reflection  sufficiently  (in  the  double 
passage  of  the  blue  light)  to  make  it  innocuous.  The  composite  blue- 
greeu  im^e  passes  on  to  the  eye  through  another  sloping  transparent 
mirror  placed  to  reflect  the  red  image  in  the  same  line  of  sight.  The 
same  danger  of  a  double  red  image  is  avoided  here  by  tinting  the 
mirror  blue-green,  which  lets  the  blue-green  image  pass,  but  kills  the 
red  light  which  endeavors  to  get  twice  through  it.  The  perfection  of 
the  register  ts  thus  preserved. 

Of  a  cognate  character,  but  very  different  in  its  method,  is  Mr. 
Sanger  Shepherd's  process,  in  which  three  differently  colored  films 
are  superposed  one  on  the  other  in  a  single  transparency.  They  are 
all  positives  without  any  opaque  silver  deposit  to  block  out  light. 
The  only  gradation  is  from  clear  white  to  the  deepest  color  of  the  dye 
on  each  film — superposed  they  act  as  absorbents,  and  so  effect  the  same 
fallibly,  as  far  ar<  I  am  aware;  but,  assuming  it  to  be  true,  see  what  it 
means;  nothing  less  than  this,  that  we  have,  by  the  infinite  delicacy  of 
photography,  obtained  a  definite  ocular  demonstration  of  the  precise 
seat  of  power  which  ether  waves  have  over  chemical  compounds.  If 
I  hesitate  in  committing  my  own  belief  to  this  explanation  (and  my 
belief  is  a  matter  of  absolutely  no  importance  to  anyone 'else)  it  is 
because  it  is  not  inconceivable  that  the  disruptive  action  which  does  take 
place  may,  after  all,  occur  close  round  the  spot  where  the  stationary 
ether  of  the  node,  and  therefore  the  matter  which  is  affet^^ted.  is  under 
alternate  tension  and  relaxation.     However  that  may  be  in  physics, 
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the  difference  is  not  of  immediate  importance  to  us  in  photography 
that  I  see.  The  avtinic  planes  were  proved  by  Wiener  to  exist. 
Lippmann  turned  them  to  vital  account  for  us,  and  gave  us,  in  the  way 
we  all  know,  true  color  photography.  He  used  thick  films  for  the 
expree^i  purpose  of  securing  what  Wiener  desired  to  avoid,  reduplica- 
tion of  the  actinic  planes,  and  with  them  the  strong  creation  of  color. 
Here  are  some  of  the  most  exquisite  results  of  his  process.  I  owe 
them  to  Dr.  Neuhauus,  who  kindly  supplied  me  with  a  spectrum  and  a 
vivid  picture  from  what  I  may  call  still  life,  and  to  Mr.  Senior,  who 
has  placed  his  best  specimens  of  a  spectrum  with  the  Frauenhofer 
lines  at  my  disposal  for  your  service.  A  more  pre<;ious  one  than  any 
of  these  is  this  given  me  by  Dr.  Lippmann  himself,  a  tribute  to  my 
father's  memorj'  as  a  pioneer  of  photography,  which  1  shall  be  happy 
to  show  afterwards.     It  is  the  simple  naked  film  itself. 

Before  parting  with  Lippmann's  process  I  feel  sure  that  you  will 
like  to  see  the  decisive  evidence  obtained  by  Dr.  Neuhauss  of  the  pres- 
ence in  the  film  of  the  supposed  strata  of  silver  spangles,  as  I  may  call 
what  looks  like  a  brown  stain  more  than  anything  else,  by  ti-ansmitted 
light.  He  has  actually  made  a  microscopic  section  of  the  color  cradle, 
and  by  means  of  the  most  refined  conditions  has  been  able  to  take 
once  more  by  aid  of  photography  a  visible  picture  of  the  subtle  work 
of  light  in  the  interior  of  a  Lippmann  film.  Here  is  a  <;opy  of  it  on 
the  screen  which  he  has  sent  me  himself,  with  his  explanation  of  its 
import  and  its  manufacture.  All  room  for  doubt  {if  science  could 
cease  from  doubting  its  own  creeds)  would  seem  removed  by  this 
simple  fibrous -looking  strip  of  lines.  It  is  a  rare  pleasure  to  be  able 
to  exhibit  such  brilliant  colors,  and  such  sui-prlsing  demonstrations  of 
their  cause,  here  in  Oxford,  and  to  acknowledge  at  the  same  time  that 
the  whole  series  of  investigation  and  invention  which  have  furnished 
these  magnificent  results  is  the  fruit  of  French  and  Ciermait  indiLttrj- 
and  genius. 
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THE  HISTORY  OF  CHKONOPHOTOGRAPHY.- 


By  Dr.  J.  MiEEr, 

Meaiher  itj  the  Intliivie  'if  Fnmee. 


By  chronophotography  ^  is  ineatit  a  method  which  analyzo:«  motions 
by  inejins  of  a  series  of  instantaneoiifs  photographs  taken  at  very  shoi't 
and  equal  intervals  of  time.  By  thus  representing,  for  example,  the 
suoceiwive  attitudes  and  positions  of  an  animal,  this  art  renders  it  pos- 
sible to  follow  all  the  phases  of  the  creature's  gait,  and  eren  to  con- 
struct exactdrawingsof  it  toscale.  Of  late  years,  chi-onophotography 
has  taken  another  direction^that  of'  the  synthesis  of  motion.  The 
analytic  images  are  made  to  appear  before  the  spet^tor^'  eyes  in  uni- 
form sequent^,  so  as  to  reproduce  the  appearance  of  the  motion  itself. 
[■Everybody  is  familiar  with  such  animated  views. 

The  International  Exhibition  of  1900  enabled  us  to  bring  together 
the  documents  relating  to  the  invention  and  successive  improvements 
of  chronophotography. 

PART  I. 


The  principal  instruments  which,  in  the  course  of  the  development 
of  chronophotography.  have  been  devised  by  those  who  have  pursued 
this  art  were  collected  in  a  large  show  case  {fig.  1),*  They  were 
ari-anged  according  to  the  dates  of  their  several  inventions.  In  addi- 
tion four  large  frames  contained  photographs  resulting  from  the 
application  of  chronophotography  to  various  bi-anches  of  science. 

JVo.  1  is  Janssen's  astronomical  revolver,  invented  by  that  asti-on- 
omer  in  1873  in  order  to  show  successive  positions  of  the  planet 
Venus  near  the  limb  of  the  sun  at  her  transits. 

At  the  focus  of  a  telescope  pointed  at  the  sun  was  a  photographic 
camera,  and  the  sensitive  plate,  which  was  circular,  turned  about  its 
center  by  leaps,  so  as  to  bring  into  the  field  a  different  portion  of  its 

■Tranelation  from  "Exposition  d'instruniente  etd'iinag(«  relatifsil  rHietoire  de 
la  Chronophotograp^iie,  par  le  Docteur  Marey,  Membre  de  I'lnstitut,"  printeil  in 
pamphlet  entitled  Muste  Centennal  de  ta  Claaee  IS  ( Photograph ie)  iL  I'Expoeition 
Cniverselle  Internationale  de  1900  A  Pari^ — M^trophotographie  and  Chronopholo- 
graphie. 

*■  Photochronography  was  the  form  of  the  word  originally  employed  by  the  writer, 
but  it  has  been  modified  in  conformity  to  a  decision  of  the  Congress. 

°The  exhibits  were  arranged  in  chronological  order  and  numbered,  but  the  illui^ 
tratioii  (fig.  1 )  in  Dr.  Marey'a  article  was  on  too  small  a  scale  to  show  details  antl  is 
here  omitted. 
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)jorder  at  the  end  of  every  70  seconds  of  time.  In  tJiat  way  a  series  of 
images  were  obtained  (fig.  2)  which  showed  the  successive  positions  of 
the  planet  on  the  sun.  She  was  seen  to  penetrate  the  limb,  to  ci-oss 
the  disk,  and  Gnally  to  depart;  and  the  interval  between  the  im^es 
being  known,  the  velocity  of  the  movement  could  be  measured.  This 
experiment  seems  to  have  been  the  earliest  achievement  of  a  cbrono- 
pbotograpb;  for   though   others    before   Janssen  conceived  bolder 


attempts,  there  was,  in  an  exhibition  of  real  things,  no  place  to  show 
plans  or  projects  impracticable  at  the  time  of  their  invention.* 

No.  S.  AnalysM  of  the  motions  of  animals  by  the  }netht>d  of  Muy- 
hridge,  1878.— This  celebrated  photographer   of  San  Francisco   suc- 

■  In  an  article  on  the  "  B^iaaingD  of  the  Cinetnatogniph  "  in  Camera  Obecura  for 
February,  1901,  Mr.  Charles  Niewenglowski  refers  to  an  ini^nioue  klea  of  1857  of 
Charles  Adolphe  B«ville  of  bringing  into  a  stereoeeope  a  succession  of  double  photo- 
graphs of  the  phases  of  a  phenomenon.  But  lor  that  purpose  it  would  have  been 
necessary  to  take  the  photographE  of  the  objects  in  motion,  which  at  that  date  would 
have  been  impossible,  except  at  the  lowest  velocities.  The  same  article  flgurcs  an 
apparatus  devised  in  America  about  ISOl  by  Coleman  Sellere.  It  was  called  a 
" etereophantascope,"  and  was  intended  to  obtain  the  same  result  as  Heville.  The 
most  remarkable  conception  was,  by  all  odds,  that  of  M.  Ducos  du  Hauron,  who  in 
March,  1864,  took  out «  patent  for  on  ajtparntu*  for  photographing  nny  tcene  wilh  all 
the  Iran^ormatione  mhich  it  mighl  go  Ihroagh  in  a  gitim  time.     How  to  take  the  photo- 
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ceeded  in  fixin}r  in  successive  instantaneouu  pbutugraphs  all  the  phai^es 
of  the  gaitfi  of  a  horse,  even  at  the  swiftest  gallop.  He  studied  hy  the 
same  method  the  motion>j  of  man,  as  well  as  the  principal  types  of 
quadruped  locomotion. 

His  arranf^ment  vas  as  follows:  Multiple  cameras,  numbering  from 
12  to  ^,  according  to  circumstances,  were  arranged  in  series  and 
pointed  on  a  ti-ack  where  a  hoi-se  was  galloping.  Each  i»mera  had  a 
quick-acting  shutter  worked  by  an  electro-m^net.  In  passing  along 
the  track  the  horse  successively  broke  a  series  of  wires,  each  of  which 
in  breaking  set  free  the  shutter  of  one  of  the  cameras.  Things  were 
so  arranged  that,  an  he  passed  along,  the  animal  caused  the  successive 
production  of  a  tteries  of  instantaneous  photographs  (fig.  3).' 

Muybridge's  method  was,  shortly  after,  used  by  Anscbutz,  of  Lissa, 
who  seems  to  have  made  some  improvements  in  it.     In  particular  he 


was  favored  by  fortune  in  being  able  to  use  the  newly  discovered 
plates  of  ^e latino- bromide  of  silver.  Some  tine  series  of  photc^raphs 
by  AnscbQtz  were  shown  in  the  glass  case. 

Ifo.  3.  Ckronophotography  tm  a  plate  fiv-e.d  hefore  a  camera  o^ciira, 
Marey,  /Si's.— The  analysis  of  motion  hy  chronophotography  was 
already  worthy  of  attention  in  1882.  The  apparatus  was,  however, 
too  costly,  while  the  measures  of  distances  and  times  were  defective, 
when  the  writer  endeavored  at  once  to  simplify  the  experiments,  and 


graphs  and  how  to  project  them  in  aniniatetl  fonii  ih  thoroughly  explained  and  fig- 
ured in  the  patent  of  M.  Ducoe  du  Hauron;  but  the  idea  was  entirely  impracticable 
at  the  time. 

It  may  be  adde<l,  in  all  these  apparatus  the  perception  of  movement  ie  due  to  the 
pereislence  of  retinal  impresions,  which  was  the  principle  of  Plateau's  pbenakiaU- 
scope  ot  1833. 

'  We  place  the  experimetite  of  Mnybridge  along  with  those.oE  chronophotography, 
although  this  ingenious  experimenter  did  not  succeed  in  taking  his  inHtantaaeous  pho- 
tographs at  equal  intervals  of  time.  For  the  velocity  of  the  horee  not  being  quite 
uniform,  the  equidistant  wirei)  were  not  reached  at  equal  intervals  of  time.  Besides, 
the  wire  was  more  or  leas  atrelche*!  l>efore  rupture  took  place.  From  these  causes 
there  was  a  certain  inequality  in  the  rales  o(  succession  which  Muybridge  did  not 
succeed  in  satisfactorily  overcoming  by  letting  off  the  shutters  independently  of  the 
hone's  motion. 
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at  the  same  time  to  give  tbem  precision,     llie  principle  uf  the  firut 
method  employed  was  as  follows: 

Suppose  an  ordinary  camera  to  be  pointed  at  a  perfectly  dark  field, 
and  that  an  opaque  disk  in  front  of  the  lens  is  pierced  with  narrow 
openings  and  turns  about  its  center.  Every  time  an  opening  passes 
before  the  objective  the  light  would  be  admitted,  if  there  were  any 
light  in  the  Geld.  But  there  being  no  light,  none  penetrates  the 
camera:  and  when  the  plate  is  developed  it  is  seen  not  to  have  been 
affected.  If  a  strongly  lighted  man  or  animal  were  to  cross  the  dark 
Held,  each  admission  of  light  would  produce  an  ims^  of  the  animal, 
and  an  the  latter  moved,  photographs  of  it  would  be  taken  on  the  plate 
at  different  placet^  and  in  different  attitudes.  Such  an  arrangement, 
however,  would  not  answer.  Fig.  4  shows  the  apparatus  in  itij  real 
form.  Within  a  cubical  box  is  ween  the  ramera  with  it»  lens.  Behind 
it  is  the  plate  holder  or  back,  C,  which  slides  in  grooves.  Between 
the  plate  holder  and  the 
camera  revolves  the  slitted 
disk  grazing  the  sensitive 
plate — in  short,  whatiscalled 
a  plate-shutter.  This  disk, 
D,  with  its  narrow  openings, 
f,  w  worked  by  a  clock  move- 
ment furnished  with  a  speed 
governor,  and  is  set  in  mo- 
tion by  a  handle.  Pig.  5 
(PI.  1)  shows  the  flight  of  a 
white  duck,  which  passes 
before  the  dead  black  back- 
ground. The  succession  of 
images  is  from  left  to  right. 
Eight  ditferont  attitudes  are  shown  during  one  complete  stroke  of  the 
wings.  They  I'eveal  the  details  of  the  mechanism  of  flight.  In  order 
to  appreciate  the  dimensions  of  the  aniznal  and  the  extent  of  its  flight, 
a  divided  rule  is  placed  before  the  dark  field.  It  is  photographed  and 
serves  as  a  scale.  Finally,  in  order  to  show  the  intervals  of  time 
between  the  successive  images,  at  the  lower  right-hand  corner  of  the 
dark  field  is  placed  a  chronograph,  consisting  of  a  dial,  which  ha.s  a 
white  hand  completing  an  entire  revolution  in  a  .second.  Every  time 
the  shutter  disk  admits  light  and  causes  a  photograph  of  the  bird  this 
hand  is  likewise  photographed.  Since  it  is  seen  to  occupy  eight  suc- 
ce.ssive  equidistant  positions  on  the  dial,  it  is  evident  that  the  intervals 
have  all  been  one-eighth  of  a  second. 

JVti.  4-  D'irk  ffld  /or  chronophotoyraphy  o7i  a  fixed  plnle. — No  l>otly 
is  quite  black.  Chevreul  showed  that  absolute  blackness  can  only  be 
procured  by  means  of  a  hole  into  a  cavity  with  blackeneil  walls,  upon 
which  no  light  is  allowed  to  shine.     [That  is,  there  should  be  another 
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black  bole  faving  the  tirst.J  In  order  to  approximate  to  tbe»c  ideal 
conditions,  the  writer  constructed  a  deep  shed  tapestried  with  black 
velvet  and  facing  so  that  no  light  pencti-ated  it.  In  tliat  way  very 
shaip  imagea  are  obtained  upon  an  uneloudcd  backttround. 


Xo.  5.  Figures  in  relief  lihtaln&i  by  the  me  of  chronopkota 
A  single  apparatus  only  gives  the  projection  of  the  motions  on  a  plane 
pei-pendicular  t«  the  optical  axis  of  the  instrument.  But  if  three 
chro  no  photograph  caniei"as  are  focused  on  dark  fields  or  dead-black 


t*afkgi'ound»  pci'pendicuiarly  to  one  another  (fig.  fi),  the  animal  repre- 
"ts'ited  will  l>e  seen  from  threi>  ditfcront  {KtintH  of  viow.  which  will 
enable  us  to  understand  its  real  attitudes  liy  refercnre  to  the  three 
^'niensions  of  mimhc.  Fig.  7  showji  a  series  of  bi-onze  Jijfures,  united 
8M1901 21 
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each  to  tlio  ni'xt,  und  representing  the  aui^cessive  attitude-s  f>f  a  «ca- 
gitll  in  flight. 

No.  C   PhiUniniphk:  ffun,  ISSB.—ln  the  study  of  the  flight  of  birds 
the  necessity  of  operating  I)efore  a  dHrk  field  or  dcacl-l>lack  back- 


ground restriotw  extremely  the  numl)or  of  )>oRsihlc  experiments.  Id 
order  to  analyze  free  flight  it  wa,s  requisite  to  l>e  able  to  operate  in  case 
of  need  on  the  bright  »ky  and  to  arrange  an  apparatuij  capable  of  being 


aimed  at  a  moving  bird  like  a  gun.  The  photographic  gun  (fig.  8)  coin 
tains  in  its  barrel  a  long-focus  objective.  In  its  breech  there  turns  a 
circular  plate,  which  presents  to  the  focus  of  the  objective  different 
points  of  its  border.     In  short  the  apparatus  is  analogous  to  the  astix>- 
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Domical  revolver  of  Jan^scn,  with  this  difference,  that  it  produces 
pictures  about  800  timeM  more  frequently,  which  calls  for  a  pretty  deli- 
cate mechanism.     B'ig.  9  shows  the  photograph  of  a  gull  in  free  flight. 

No.  7.  M.  Londe'sapparatttswWi  multijd^  objectives,  /A'^.if.— Return- 
ing to  the  method  of  Muybridge,  with  a  very  important  improvement, 
M.  Londe,  aided  hy  M.  Dessoudeix,  constructed  an  apparatus  in  which 
a  aeries  of  twelve  objectives  form  their  images  upon  different  part«  of 
a  rectangular  plate  of  large  size.  An  ingenious  arrangement  causes 
the  successive  openingof  these  objectives  at  equal  intervals  as  short  as 
may  be  desired.  The  analysis  of  the  motion  is  consequently  very  per- 
fect. The  order  of  the  im^es  can  not  be  deranged,  since  they  are  all 
obtained  on  one  plate.  But  the  number  of  pictures  is  limited  by  the 
necessity  of  having  a  separate  objective  for  each.  General  S^hert  by 
a  similar  method  analyzes  the  phases  of  the  motion  of  torpedoes. 

No.  8.  Multiplication  of  the  numher  of  plrlurfu:  1.  Part! (il  photo- 
graphs. S?.  Dissociation  of  the  i>na<jaihef<rre  the  darl-f^hl.  .~S,  Photo- 
(jraphs  o)i  a  fXin,  ribbott  in  motion,  1SS7S8. — A  perfect  analysis  of 


motion  requires  that  the  photographs  be  taken  at  as  short  intervals  as 
may  be,  yet  for  as  long  a  time  as  possible.  If  we  merely  make  the 
rotation  of  the  shutter-disk  fa.st«r.  the  number  of  imagei^  will,  it  is 
true,  be  augmented,  but  the  animal's  locomotion  not  being  thereby 
accelerated,  the  result  will  be  that  the  photographs  will  be  taken  so 
close  together  that  they  interfere  with  one  another  and  produce  the 
confused  effect  seen  in  figure?.  A  firstway  of  avuidingthis  confusion 
is  to  photograph,  not  the  entire  body  of  the  subject,  but  only  certain 
points  or  lines  whose  position  is  significant  of  the  facts  we  desire  to 
know.  A  man  dressed  completely  in  black  {fig.  10),  and  consequently 
invisible  upon  the  dead-black  background,  wears  certain  bright  points 
and  lines,  strips  of  silver  lace  attached  to  his  clothes  along  the  axes  of 
his  limbs.  When  this  man,  so  rigged,  passes  in  front  of  the  apparatus, 
phott^rapba  will  result  that  will  be  accurate  diagrams  to  scale  (fig. 
11),  showing  without  confusion  the  postures  of  upper  and  lower  arms, 
thighs,  lower  legs,  and  feet  at  each  instant,  as  well  as  the  oscillations 
of  the  head  and  of  the  hips.  The  uiethod  also  allows  the  play  of  the 
joints  to  be  studied. 
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Still,  it  was  desirable  to  multiply  tbe  images  while  showing  the 
whole  body.  For  that  purpose  the  insufficiency  of  the  advance  of  the 
subject  has  to  be  made  up  for  by  a  displacement  of  the  im&ge  on  the 
plate.  Thia  caa  be  brought  about  in  several  ways.  la  the  first  place, 
the  camera,  with  its  attachments,  can  l>e  pivoted  on  its  support  and 
caused  to  turn  about  a  vertical  axis.  The  difficulty  of  moving  the 
considerable  mass  uniform!}'  caused,  however,  the  abandonment  of  this 
method  in  favor  of  the  rotation  of  a  mirror  by  clociiwork,  causing  the 
reflection  to  strike  diffei'cnt  points  of  the  plate.  In  this  way  a  series 
of  complete  photographs  are  obtained,  following  one  another  at 
extremely  short  intervals  of  time.  Indeed,  the  frequency  of  the 
photographs  may  be  made  very  great.  Their  total  number  is,  how- 
ever, restricted  because  the  optical  axis  of  the  instrument,  being  dis- 


placed along  the  black  background,  soon  reaches  the  ciul  of  it.  A 
final  solution  was  to  take  the  photographs  upon  ditferent  [wints  of  a 
long  tillet  which  moves  along  the  focal  plane  of  the  camera  and  is 
stopped  long  enough  for  each  exposure. 

Ch'omtphotography  ort  a  film  I'ihlion,  Marey,  1H87:  In  consequence 
of  tbe  invention  of  tbe  kodak,  long  [Mper  fillets  of  gelatino-bi-omide  of 
silver  had  Irccome  articles  of  commerce.  A  little  later  transparent 
films  made  their  appearance;  and  these  were  still  more  appropriate  for 
the  chronophott^raphy  of  long  series  of  pictures.  Three  patterns  of 
apparatus  were  exhibited  in  the  case  under  No.  S.  These  showed  tlie 
successive  steps  of  invention. 

Type  a:  The  apparatus  {fig.  12)  worked  in  the  red  light  of  the  dark 
room.  The  objective  was  pointed  outward  aci-oss  a  conical  shade.  In 
tbe  place  of  the  ordinary  platc-holdcr  wa^  placed  a  shelf  carrying  a 


HISTORY    OF   CHRONOPHOTOGRAI'HY.  325 

clockwork  R,  which  led  n  lonfj  paper  riliboii  over  rollers.  The  rota- 
tion of  the  disk  ninde  an  electric  contact  at  each  passage  of  a  slit,  in 
consequence  of  which  an  electro-magnet  Kqueezedthel>and  and  stopped 
it  long  enough  for  the  exposura. 

Type  b:  It  was  necessary  to  avoid  the  extreme    inconvenience  of 
only  being  able  to  photograph  within  the  dark  room.     A  small  porta- 
ble box,  li,  was  therefore  made  for  theiillet,  which,  liaving  been  filled 
in  the  dark  room,  could  be  carried  out 
with  the  rej*t  of  the  chronophotographie 
apparatus,  as  shown  in   fig.    IS.     The 
results  were  more  niitisfactory. 

Type  c:  Ultimately  the  application  of 
electricity  was  given  up,  and  the  motion 
and  stoppages  of  the  film,  instead  of  be- 
ing governed  by  an  independent  (dock- 
work,  were  connected  with  the  move- 
ments of  the  disk. 

No.  9.  Douhle-action  chrfmnphoio. 
ffrapht/.—Vf  tth  a  view  of  obtaining  an  p^^  u 

apparatus   which    should,   at   plea.sure, 

either  work  upon  a  fixed  plate  or  upon  i^,  moving  film,  an  instrument 
was  constructed  represented  by  Ho.  9  in  the  glass  case.  This  apparatus 
(fig.  14)  is  composed  of  a  fore  part,  which  slides  in  grooves.  This  fore 
part  <rarrie<4  the  objective  and  is  cut  so  as  to  allow  the  shutter-disk  to 
pass.     The  movement  of  the  latter  is  governed  by  a  rod  of  variable 


length  (so  as  to  permit  focusing)  connecting  with  clockwork  withiu  the 
after  part  of  the  apparatus.  In  this  after  part  can  l>c  placed  an 
ordinary  plate  holder  for  chronophotography  on  a  fixed  plate;  or,  if 
desired,  the  plate  holder  l>eing  removed,  movable  films  maj'  be  intro- 
duced. These  go  into  a  back  chamber,  the  open  lid  of  which  is  shown 
in  the  figui'e.  The  film  riblions  could  l>e  inserted  in  daylight  in  con- 
sequence of  their  lieing  pitilonged  at  lK>th  ends  by  ribbons  of  opaque 
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paper  (fig.  15).  W)ieii  the  whole  was  wound  up  round  its  spool  before 
being  put  in,  the  film  was  protected  from  light  by  outer  layers  of 
opaque  paper;  and  when  the  work  was  done  and  the  film  was  wound 
upon  the  other  spool  it  was  equally  pi-ot£ct«d  by  the  other  terminal  of 
opaque  paper  so  that  it  could  be  removed  from  the  apparatus  in  the 
light  without  becoming  clouded. 
This  apparatus,  which  was  easily  used,  sufficed  for  three  years  for 


Titer's  researches  into  the  motions  of  r 


and  of  animals.  Like 
Muybridge,  AnscbQtz, 
and  Demeny,  he  aimed  to 
obtain ,  by  Plateau's 
method,  the  reproduction 
of  the  analyzed  motions. 
At  the  exhibition  of  188», 
a  zootrope  moved  by  elec- 
tricity showed  animals 
in  motion,  as  well  as  men, 
birds,  hoi-scs  at  different  gaits.  But  since  the  zootrope  does  not  allow 
many  figures  to  be  shown,  the  writer  was  restricted  to  exhibiting  short 
movements.  He  therefore  cast  a)K>ut  for  methods  of  showing  scenes 
of  long  duration. 

No.  10.  Chronuphotogtaphic  j>T<iji:i:Uir,  1893. — This  apparatus  carries 
an  endless  Ijelt  of  photographs  to  the  fociis  of  an  objective  which  pro- 
jects them  upon  a  si^reen.  fig.  16  shows  the  path  of  the  rays  in  the 
projector.     A  pencil  of  jmrallol   i^ays,  reflected  by  a  heliostat  comes 


from  S,  and  falls  upon  a  convex  lens  I,.  This  pencil  brought  to  a 
focus,  passes  at  t  through  a  hole  In  a  diaphragm,  meets  the  shutter- 
disk  d,  which  is  turned  hy  a  crank,  passes  through  every  window  thet 
comes,  then  diverges  and,  meeting  the  lens  /„  similar  to  the  first,  regains 
its  parallelism,  is  reflected  at  45"-  from  a  mirror  forming  the  lid  of  the 
lx)X,  falls  vertically  upon  another  miri-or  at  the  same  inclination,  and 
now  passes  to  the  objective.     But  in  this  last  part  of  it§  course  it 
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traverses  the  film,  i,  which  carries  the  positive  photographs,  and  these 
photographs,  magnified  by  the  objective,  are  thrown  upon  the  screen. 

The  motion  of  the  film  at  iia  halts  at  each  flash  are  brought  about  by 
an  apparatus  not  t^howri  in  the  tigure.  It  is  similar  to  that  of  the 
simple  chronophotographic  apparatus,  with  the  difference  that  the 
positive  film,  having  its  ends  fastened  together  to  make  an  endless 
belt,  passes  over  a  series  of  rollers  which  stretch  it  taut.  The  princi- 
pal imperfection  of  the  chranophot^^i-aphic  projector  was  a  jerkiness 
due  to  imperfect  equality  of  the  intervals. 

j\",  II.  Kdi^oti's  kinetoscope,  189^. — Mr.  Edison  found  a  means  of 
ecjuulizing  the  intervals.     It  was  to  perforate  the  .sensitive  film  by  a 


series  of  equidistant  boles  and  gear  it  to  a  pin  cylinder.  It  was  impos- 
sible to  procure  a  kinetoscope  to  exhibit  in  the  glass  case;  but  every- 
body, of  late  years,  has  seen  this  remarkable  instrument  in  action.  It 
shows  living  scenes  acted  out  for  more  than  a  minute  with  niisolute 
prctrision.  In  Edison's  apparatus  the  Hlm-ribbon  never  was  arre-sted; 
but  the  images  were  rendered  sharp  by  the  extreme  brevity  of  the 
illumination,  which  was  only  ■m'sB  of  a  second.  A  single  s|X'<'tjitor, 
looking  through  eyepieces,  could  see  the  living  pictures  of  the 
kinetoscope. 

No.  13.  Lumiere's  clnonatiH/ntph,  75.95.— This    instrument   finally 
gave  the  desired  result— that  is  to  say,  the  projection  on  a  screen  of 
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living  scenes  visible  to  an  assembly  and  presenting  a  perfect  illusion. 
The  aiiccess  of  this  invention  wa-i  immense,  and  has  not  passed  away. 
Fig.  17  shows  the  cinematograph  open  and  arranged  for  taking  photo- 
graphs. A  film,  perforated  like  that  of  Edison,  is  rolled  up  in  a  closed 
box  <^c  on  the  top  of  the  apparatus.  It  passes,  in  an  intermittent 
manner,  to  the  fot^us  of  the  objective,  being  drawn  forwai-d  by  a  sys- 
tem of  claws  which  catch  in  the  holes  of  the  film.  The  reciprocating 
motion  of  these  claws  gives  intermittency  to  the  motion  of  the  ribbon. 
After  exposure  the  film  is  received  in  another  closed  box,  invisible 
in  the  figure.  It  was  important  to  make  the  claws  acquire  and  lose 
their  velocity  as  gradually  as  possible,  so  as  not  to  tear  the  film.  The 
Messrs.  Lumiere  suc<-eeded  in  effecting  this  by  means  of  a  triangular 
cam,  fig.  18,  which  is  the  es.sential  part  of  the  apparatus.  During 
two-third-s  of  the  whole  time  the  film  is  at  rest. 

For  the  projection  of  the  positives,  the  Messrs.  Lumiere  make  use 
of  a  special  arrangement.  A  powerful  electric  lamp  brilliantly  illu- 
minates the  film.  In  this  way  very  bright  projection*  are  obtained  of 
25  by  10  feet  (7, 7.5  m.  by  .5.80  m.),  the  figures  on  the  film  measuring 
only  1  by  J  inches  {25  by  22  mm.).  In 
the  glass  ease  b^'  the  side  of  the  cinemato- 
graph sevci-al  ribbons  printed  on  paper 
showed  the  perfection  and  happy  choice 
of  the  photographs  obtained  with  this 
instrument. 

The  success  of  the  cinematograph  gave 
birth  to  many  forms  of  apparatus  for  the 
projection  of  living  pictures.  Most  of 
them  differ  very  little  from  the  instru- 
ment of  Messrs.  Lumifere,  and  were  not 
shown.  Two  types,  however,  of  marked 
originality  merit  special  mention. 

No.   U.    Captain  GoxsarCs  apparatus 
with    mcillating    i>f>jective,    7557.— This 
instrument  gives  photographs  of  very 
large  dimensions.    Its  author  has  applied 
p,o.  IS.  it  to  the  study  of  the  gaits  of  the  horae. 

Fine   specimens   of    its   work  were  ex- 
hibited.    It  is  not  adapted  to  pi-ojections. 

No.  15.  The  Alethorama  of  Messrs.  C fieri- Rousseau  ajid  Mmiier, 
1S97. — ^Tbis  is  a  pi'ojecting  apparatus  in  which  the  perfoi-atcd  film- 
ribbons,  as  they  pass  along,  give  reflections  of  their  pictures  from  a 
series  of  prisms.  The  projections  are  exceedingly  bright  and  steady, 
and  altogether  make  a  fine  effect.  The  apparatus,  however,  seems  to 
bo  hard  to  adjust,  and  does  not  appear  to  have  been  taken  up 
practically. 
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No.  16.'  yinalyzing  and  projecting  chrtynophotograph,  Marey,1898.~ 
The  writer  has  pushed  the  improvement  of  his  chronophotographic 
appamtus,  so  as  to  obtain  perfect  equidistance  of  the  views,  and  has 
succeeded  in  doinjf  so  while  preservinjj  the  main  principle  of  not 
perforating  the  films.  For  perforation,  besides  wearing,  so  as  no 
longer  to  bring  the  pictures  around  regularly,  also  occupies  a  zone  of 
iV  of  an  inch  (2.5  mm.)  on  each  edge  of  the  ribbon,  a  loss  which  is 
more  important  the  narrower  the  film.  The  writer  has  succeeded  in 
obtaining  perfect  regularity  in  exposures  by  modifying  the  first  pair  of 
rollers  which  takes  the  film.     The  apparatus  is  shown  in  fig.  19  {PI.  li). 

In  making  projections,  a  further  difficulty  arose,  namely,  the  posi- 
tive film  undergoes  some  shrinkage  in  the  succes.sivo  developments 
requisite  to  obtaining  it,  in  consequence  of  which  the  pictures,  being 
too  near  together,  pass  by  too  soon,  and  tend  to  leave  the  field  of 
the  screen.  A  simple  drag  or  brake  upon  the  magazine  spool  correcta 
this  fault.  Positive  ribbons  of  different  breadths  were  exhibited, 
showing  the  shai:pne8s  and  equidistance  of  the  photographs. 

No.  17.  Microscopic  chron/ip/iotograp/iy,  JS99. — The  writer  has 
adapted  the  chronophotograpb  to  the  study  of  motions  which  take 
place  in  the  field  of  the  microscope.  In  order  to  avoid  exposing  the 
animals  studied  to  the  heat  of  an  intense  illumination,  an  armngement 
was  adopted  in  which  the  shutter-disk  only  effect"  the  lighting  up  of 
the  preparation  during  the  time  of  exposure,  which  is  about  one- 
five-hundredth  part  of  a  second.  This  done,  the  In-ightcst  light  no 
longer  produced  any  injurious  effects.  Numerous  photogmphs  were 
exhibited,  together  with  the  instrument. 

No.  18.  Chronophotographie  gun  with  a  film  rihiim,  1899. — In  its 
original  form  the  photographic  gun  only  gave  twelve  views.  For  a 
more  extended  series  an  instrument  of  a  new  type  (fig.  20,  PI.  II) 
was  constructed,  in  which  the  successive  photographs  are  taken  on  a 
band  66  feet  (20  m.)  long.  The  shutter  is  formed  of  a  light-cock, 
which  is  far  less  cumbrous  than  a  disk.  In  the  stock  of  the  gun  is  a 
clockwork  moved  by  a  dynamo.  Whenever  the  trigger  is  pulled  the 
circuit  is  closed  and  the  film  begins  moving,  and  does  not  stop  until 
the  trigger  is  let  go.  Light  accumulators,  or  a  portable  pile,  furnish 
the  necessary  current. 


Y  CnBONOPIIOTCKiBAPnV. 

Animated  pTOJections,  interesting  as  they  are,  are  of  little  advan- 
t^e  to  science,  for  they  only  show  what  we  see  better  with  our  own 
eyes.  At  best,  they  seiTe  to  slow  a  motion  which  is  too  quick  for 
direct  observation,  or  to  accelemte  it  if  its  extreme  slownfeas  causes  us 
to  miss  some  of  its  features. 
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Id  the  former  case  photographn  are  taken  at  the  rate  of  40  or  50  to 
the  second  and  are  projected  in  three  or  four  times  the  original  time. 
We  can  thus  show  a  horse  galloping  or  a  bird  flying  so  slowly  that 
the  eye  can  follow  the  motions  of  the  limbs.  In  the  other  case  the 
photographs  are  taken  at  very  long  intervals  and  are  projected  in 
rapid  succession.  For  this  purpose  the  writer's  chronophotograph 
(fig.  19,  PI.  II)  is  furnished  with  an  arbor  upon  which,  if  the  crank  is 
fitted,  the  effect  is  that  only  one  photograph  is  taken  at  each  turn. 
The  slowest,  almost  imperceptible  motions  of  clouds,  taken  at  long 
intervals  and  rapidly  projected,  are  translated  into  a  rapid  and  -strik- 
ing agitation. 

What  is  generally  important  in  the  study  of  a  motion  is  to  obtain  a 
geometrical  drawing  of  it.  Cbronophotography  upon  a  fixed  plate 
gives  such  a  drawing  to  scale  exactly.  Cbronophotography  on  a 
movable  film  may  do  so  by  the  aid  of  certain  devices  which  will  be 
described  below.  Cbronophotography  on  a  fixed  plate  has  furnished 
the  expi^rimental  solution  of  many  problems  of  gecwnetry,  mct^hanicj^, 
physics,  and  physiology  that  no  other  method  could  .so  readily  have 
solved. 

Geometry.  I^onnatujn  in  spat-eof  geometrical  figures  of  three  dimeii- 
swTte. — Geometers  define  this  sort  of  figures  by  saying  that  they  are 
generated  by  straight  lines  or  curves  of  different  forms  displaced  in 
different  ways.  Chronophotography  realizes  this  conception  com- 
pletely. Before  the  pitch-dark  field  u  white  rod,  lighted  up  and  sub- 
jected to  a  displacement  in  .fpat*,  leaves  on  the  photographic  plate  the 
vestiges  of  its  successive  positions.  It  generates  on  the  plane  of  the 
plate  the  projection  of  the  figure  in  three  dimensions  which  it  has 
formed.  In  that  way  has  Iwen  obtained  (fig,  21,  PI.  Ill)  the  pi-ojection 
of  a  sphere  on  a  plane.  A  band  of  paper,  white  on  one  aide,  liW-k  on 
the  other,  was  curved  into  a  semicircular  form  and  rotated  about  its 
chord.  The  figure  so  formed  would  have  altogether  the  appearance 
of  a  solid  sphere  if  a  greater  frequency  of  the  illuminations  had  pre- 
vented the  discontinuity  of  the  surface  generated. 

Fig.  22  (PI.  Ill),  the  projection  of  a  [one-sheeted]  hyperboloid  of 
revolution,  was  genei-ated  by  a  string  placed  oblique  to  the  vertical 
axis  round  which  it  turned. 

If  figures  with  their  relief  are  sought,  the  photographs  should  be 
taken  with  a  stereoscopic  apparatus.  Fig.  23  (PI.  Ill)  shows  in  this 
way  an  hyperboloid  with  its  asymptotic  cone.  These  examples,  taken 
from  very  simple  cases  of  geometry,  enable  us  to  imagine  what  variety 
of  forms  would  be  obtained  with  complex  curves  subjected  to  varied 
motions.  There  would  be  very  simple  experimental  solutions  of  prob- 
lems of  geometry  sometimes  most  complicated. 

Mechanics. —Mechanics  is  founded  on  the  laws  of  motion,  laws  of 
spaces  described,  of  velocities,  and  of  accelerations.     The  difficulties 
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which  Galileo  and  Atwood  aurniouDted  to  deteiiDine  these  laws  will  for 
the  future  be  saved  in  all  analogous  cases  for  those  who  shall  employ 
chronophotography  for  the  purpose.  We  shall  ouly  have  to  allow  the 
body  whose  motion  (fig.  ^,  PI.  Ill)  is  to  be  studied  to  fall  befoi-e  the 
pitch-dark  background,  and  its  positions  will  be  marked  upon  the  sensi- 
tive plate;  the  chronograph  will  give  the  interval  of  time  which  elapees 
between  the  body's  arrivals  at  the  positioAs  figured;  the  scale  of  milH- 
meters  will  measure  the  distances  described.  The  same  arrangemeut 
enables  us  to  make  interesting  studies  of  the  resistance  of  the  air. 

Hydrodynamics  in  commonly  taken  to  be  one  of  the  most  compli- 
cated sciences.  The  nature  of  undulations,  the  nature  of  violent 
waves,  the  internal  motions  of  molecules  in  a  shaken  liquid,  the  man- 
ner in  which  stream  lines  behave  when  they  meet  obstacles  of  different 
forms,  all  these  questions  are  still  discussed  as  if  they  were  difficult 
All  the^e  problem-s  find  their  experimental  solution  in  chronophotog- 
raphy. 

All  that  is  wanted  is  to  render  visible,  and  alone  visible,  before  a 
dark  background^  those  parts  of  the  liquid  of  which  we  wish  to  know 
the  motion.  -  For  that  purpose  into  a  canal  formed  of  transparent 
plate  glass  is  to  be  poured  some  very  clear  water.  A  mirror  inclined 
at  a  convenient  angle  and  placed  under  this  canal  reflects  the  light  of 
the  sun,  which  then  traverses  the  liquid  maas  f  ro.ii  below  upward.  The 
water  is  not  illuminated;  but  at  the  surface  of  the  water,  at  the  point 
where  the  wall  of  the  glass  is  moistened  by  the  liquid,  a  meniscus  is 
formed,  and  the  under  convex  surface  of  this  meniscus  sends  by  total 
reflection  a  very  bright  thread  of  light,  which  oscillates  like  the  sur- 
face of  the  liquid  itself.  The  photographic  objective  will  make  upon 
the  sensitive  plate  a  photograph  of  this  line  with  all  its  movements. 

The  interior  of  the  liquid  is  not  lighted  up.  In  order  to  render  cer- 
tain pointii  of  this  mass  and  to  perceive  the  displacements  which  they 
undergo  it  is  only  necessary  to  put  into  suspension  in  the  water  small 
silvered  pearls  to  which  has  been  given  the  precise  specific  gravity  of 
the  liquid.  These  pearls  by  the  agitation  which  they  undergo  will 
express  the  motion  of  the  molecules  of  the  water  at  diffei'ent  parts  of 
the  mass  (fig.  25,  PI.  IV). 

Other  pbenomena  of  the  same  class  can  be  studied  by  chronophob^- 
rapby.  Thus,  a  thin  inclined  plane  being  presented  to  a  liquid  cur- 
rent, the  bright  pearls  will  express  by  the  direction  of  their  course  the 
motion  of  liquid  fillets.  By  the  dbtances  between  their  images  they 
will  express  the  rapidity  of  the  current.  A  scale  of  millimeters 
immersed  in  the  water  will  measure  the  extent  of  the  motions,  while 
the  known  interval  of  time  which  separates  the  flashes  affords  the 
means  of  evaluating  the  velocity.  That  having  been  explained,  one 
glance  at  the  scale  dii^ram  (fig.  26,  PI.  IV)  will  suffice  to  show  what 
movements  will  take  place  at  the  surfaces  of  liquids  under  conditions 
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however  varied,  and  also  how  the  molpculea  themselves  will  move  at 
the  different  points  throughout  the  mass. 

Motions  of  the  air. — AnanHl<^ous  arrangctuent  makes  it  possible  to 
render  visible  by  means  of  smoke  certaiikt fillets  of  air  in  the  midst  of 
a  regular  current.  We  ascertain  in  that  case  by  chronopbot<^raphy 
the  changes  of  direction  and  of  velocity  of  this  current  when  it  meets 
obstacles  of  different  forms.' 

In  a  large  canal  having  walbi  of  plate  glass  and  before  a  dark  hack- 
ground  a  draft  of  air  is  created  by  means  of  a  ventilator.  In  order 
to  regulate  the  rtirrent  it  is  filtered  through  a  very  fine  silk  gauze.  At 
the  top  of  the  canal,  we  set  free,  by  nic«ns  of  a  series  of  little  tubes, 
fillets  of  smoke  which  descend  parallel  to  one  another  like  the  three 
oords  of  a  lyre.  Now,  if  we  place  in  the  interior  of  the  canal  obsta- 
cles of  different  forms,  we  immediately  sec  the  threads  liend  on  these 
lobBtacles,  slide  over  them,  and  fonn  t>chind  them  eddies  of  varied 
forms.  Figs.  27,  2S,  and  29  (PI.  V)  show  the  same  experiment  under 
different  conditions.  In  fig.  27  a  magnesium  flash  light  illuminates 
the  phenomenon  for  a  very  short  time.  We  sec  how  the  fillets  of 
air  lick  the  plane,  slide  on  it,  and  form  batrkwater  behind  it.  Fig, 
28  shows  the  same  phenomenon  with  chronophotographio  indica- 
tions. The  series  of  little  tubes  which  bring  the  smoke  are  made  to 
vibrate  ten  times  a  second,  so  that  the  smoke  no  longer  appears  in 
rectilinear  fillets  but  a.s  sinusoidal  undulations,  more  or  less  elongated 
at  each  point  according  to  the  velocity  of  the  current.  The  motion 
slows  up  upon  approaching  an  ol>sta4',le  and  is  accelerated  at  the  sides 
of  the  otwtacle.  It  will  l>e  remarked  that  the  conceptions  of  time  and 
spa<^«  which  are  peculiar  to  chronophotography  are  brought  together  in 
this  experiment.  Finally,  in  fig.  2M  the  chronography  is  supprcs.sed. 
The  illumination  is  no  longer  instantaneous,  but  is  produced  hy  the  com- 
bustion of  magnesium 
riblHui,  so  that  a  sort  of 
mean  state  of  the  current 
is  recorded. 

Ei'KlKtanee  of  the  air  to 

flying   ajtparaius.—Oae 

of  the  applications  of  the 

previous  experimenta  is 

to  make  comprehensible 

■  ■    ■  -T-    ■        ■    '        I  I  the  action  of  the  air  on 

"■  apparatus    of    different 

forms  which  move  in  this  fluid.    Fig.  30  shows  more  directly  the  effects 

of  this  resistance.     It  shows  bow  a  little  paper  soaring  model  left  to 

fall  vertically  behaves  and  how  it  receives  from  the  resistance  of  the  air 

changes  of  direction  and  of  velocity  which  are  faithfully  represented. 

Yihrntions  of  corAn.- — These  motions  are  easily  seen  upon  bright 

cords  vibrating  before  a  dark  Imckground.     Our  learned  fellow-aca- 
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detnivian,  A,  Coriiu,  succeeded  in  this  way  in  rendering  perceptible  in 
a  cord  vibrations  of  thi-ee  kind.'^ — the  loii^tudinal,  the  transversal,  and 
the  torsional.  A  very  light  little  mirror  attached  to  the  cord  indi- 
catett  these  three  kinds  of  motion  on  &  phite  having  a  uniform  transla- 
tion.   .  Fig.  31  is  the  negative  resulting  from  this  experiment. 

Physiolouy.  — It  Ls  to  the  physiologi<-al  study  of  the  different  gaita  of 
ujiitiutls  and  to  the  functional  motions  of  their  different  organs  that 
chronophotography  has  prin- 
cipally been  applied.  Some 
types  of  the  experiments 
which  it  has  rendered  [wssible 
may  here  be  illustrated. 

Terrestrial  locoviotion.— 
The  series  of  photographs 
taken  on  moving  films  have 
represented  all  the  phases  of 
motion  of  man  and  of  quadru- 
peds. Thus  figs.  33,  33,  and 
34  (PI.  VI)  represent  the  three 
normal  gaits  of  the  horse. 
One  can  easily  follow  the  succession  of  attitudes  during  the  advance  of 
the  animal.  The  sequence  of  time  is  from  above  downward.  A  dis- 
puted question  of  animal  mechanics  was  whether  a  cat  turns  over  in 
falling,  and,  if  so,  bow  she  docs  it  without  any  application  of  external 
force.  Experiment  has  proved  that,  as  a  fact,  she  does  so,  thus  enabling 
mechanicians  to  cornnrt  a  current  error  of  classical  treatises. 


Locomotion  in  tuafer  has  also  been  studied  by  film  photography. 
These  photographs  are  brought  together  in  order  to  facilitate  the  com- 
parison of  them.  The  locomotion  of  the  eel  (fig.  35)  shows  the  pro- 
gression of  undulations  of  the  body  of  the  animal  from  head  to  tail. 
Lines  are  dmwn  to  show  the  direction  of  motion  and  the  advance  of 
the  animal.  ~  i 
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Ill  certain  fish  the  undulations  take  place  in  the  lateral  fins.  The 
ray  {fig.  36.  PI.  VII)  is  shown  in  side  view,  swimming  without  advanc- 
ing, its  progress  being  impeded.  The  same  fish  seen  from  the  front 
has  motions  which  strongly  recall  those  of  a  flying  bii-d. 

Locomotion  in  the  ati: — Not  only  the  flight  of  birds,  but  that  of 
insects,  studied  by  chronophotography,  shows  the  detaiUt  of  its 
mechanism.  The  extreme  rapidity  of  these  motions — several  hundred 
per  second — requires  extremely  short  exposures.  To  avoid  any  defect 
of  sharpness  due  to  the  velocity  of  the  wing,  the  writer  has  reduced 
the  duration  of  the  fl.isb  to  leas  than  one  twenty-thousandth  of  a  second. 
Only  isolated  phott^i-aphs  have  been  obtained,  but  even  these  are 
highly  instructive.  Fig.  37  {PI.  VII)  is  a  motionlea's  crane-fly;  fig.  38 
(PI.  VII)  shows  it  in  flight.  The  torsion  of  the  wing  under  the  resist- 
ance of  the  air,  a  phenomenon  which  theory  had  pi'edicted,  and  which 
explains  the  mechanism  of  insect  flight,  is  shown  in  the  picture. 

Functiotud  nwiimui. — Independently  of  acts  of  locomotion,  the  dif- 
ferent parts  of  the  Iwdy  execute  various  movements,  the  observation 
of  which  is  in  some  cases  excessively  difficult.  In  speech  and  in  mas- 
tication the  lower  jaw  takes  displa<-cments  that  one  would  not  have 
anticipated.  The  ribs,  in  respiration,  rise  and  separate  in  a  way  that 
was  of  old  unknown.  In  certain  joints  the  bones  move  about  a  fixed 
center,  while  in  others  there  is  a  rolling  motion  of  the  condyles  over 
the  surface  in  contact  with  them,  ('hronophotography  on  the  dead- 
black  background  gives  a  drawing  to  scale  of  all  these  motions. 
Bright  liney  or  points  fixed  to  the  organ  under  examination  interpret 
the  trajectory  upon  the  photographic  plate. 

Thus  the  motions  of  the  lower  jaw  in  the  act  of  opening  the  mouth 
are  represented  {fig.  39,  PI.  VIII)  by  those  of  a  i-od  bent  at  an  angle 
and  forced  to  move  with  the  jaw.  It  will  Ire  seen  that  the  motion  is 
not  a  rotation  round  the  joint,  but  takes  place  alx>ut  instantaneous 
centei-s  in  the  upright  branch,  while  the  condyle  itself  slides  over  the 
surface  of  the  glenoid  cavity;  which  is  convex  downward. 

In  respiration  bright  points  fixed  upon  the  ribs  are  displaced  with 
the  latter  and  interpret  the  motions  of  the  rising  ribs  on  a  circular  arc. 

The  heart  of  an  animal,  laid  bare  and  brilliantly  illuminated,  gives  on 
the  moving  film  the  succession  of  systole  and  diastole  of  its  auricles  and 
ventricles.  The  motions  of  the  eyes  themselves  have  been  studied  at 
the  physiolt^cal  station  by  M.  Orchansky.  He  has  chronophoto- 
graphed  the  dotted  trajectory  of  the  eyes  in  reading,  and  in  this  motion 
has  been  able  to  distinguish  the  components,  due  respectively  to  the 
ocular  muscles  and  to  the  displacements  of  the  head. 

Motions  of  the  air  inthe  iittei-ance  of  the  vowels. — The  eminent  phys- 
icist, B.  Kcenig,  conceived  the  idea  of  making  the  sonorous  vibrations 
due  to  instruments  or  to  the  voice  act  upon  cnpsides  with  membranous 
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walls  placed  on  little  gas-burners.  These  "manometric  flames" 
vibrate  in  unison  with  the  sonorous  waves.  Their  imageB,  dissociated 
in  a  revolving  min-or,  appear  with  indented  mantling  of  various  forms, 
according  to  the  sound.  But  this  fugitive  phenomenon  could  not  be 
fixed  by  photography  until  M.  Marage,  who  has  charge  of  the  acoustic 
work  at  the  Physiological  Station,  rendered  the  flames  phot<^nic  by 
substituting  acetylene  for  oi-dinary  illuminating  gas.  He  has  taken 
the  photographs  by  chronophotography  on  a  ribbon  of  sensitized  paper 
having  a  translation  of  2  meters  per  second  (100  feet  in  0.254  minut«). 
Fig,  40  {PI.  VIII),  shows  the  vibrations  of  the  air  for  the  French  vow- 
els /,  u,  oil;  e,  fl,  a.  At  the  same  time  as  the  vibrations  of  the  vowels, 
those  of  a  special  burner  acted  on  by  a  tuning  fork  of  45  V.  D.  are 
photographed  also,  so  as  to  detei-mine  the  pitch. 

Representations  of  motiofis  in  scale  pictures  confoDned  to  separate 
photographs. — ^Thc  impi-essions  by  chronophotographs  on  a  moving 
film,  complete  tm  they  are,  are  hard  to  utilize,  on  account  of  the  diffi- 
culty of  comparing  the  separate  phott^raphs.  In  some  cases  this  com- 
parison can  be  facilitated  by  bringing  the  photographs  together.  But 
it  would  be  more  satisfactory  to  be  able  to  arrange  them,  each  in  its 
place,  on  a  single  picture  to  scale.  The  writer  has  accomplished  this 
by  means  of  successive  projections  and  counter  proofs  on  the  same 
sheet  of  paper. 

Let  a  gymnast  throw  a  weight.  (This  is  chronophotographed  on  a 
ribbon.)  Let  us  project  the  first  photograph  and  carefully  counter- 
prove  the  form  of  the  l)ody.' 

After  this  first  projection,  let  us  project  the  second  photograph  upon 
the  same  sheet,  and  then  a  third,  taking  care  to  preserve  the  regi-stry 
exact  by  fixed  points  which  we  have  chosen.  (That  is,  the  horizontal 
line  and  object  r  will  have  been  sharply  drawn  on  the  back  of  the 
drawing  paper;  and  in  making  subsequent  projections  care  is  taken  to 
have  tliat  line  and  object  fall  upon  precisely  the  same  places.)  We 
shall  thus  have  obtained  a  series  of  counter-proofs  representing  the 
successive  attitudes  of  the  gymnast.  Fig.  41  has  been  constructed  in 
this  way.  It  affords  complete  information  aa  to  the  extent  and  velocity 
of  each  of  the  motions  represented. 

In  this  case  only  every  third  photograph  has  been  drawn,  in  order 
to  avoid  confusion  in  the  picture  to  scale;  but  while  i-educing  the  num- 

*  I  suppose  he  means  that  the  perverted  negative  Is  projected,  or  in  some  way  that 
the  projection  is  perverted,  and  that  the  projection  is  made  on  a  board.  This  pro- 
jection must  show  the 'fixed  object  r  (at  the  left  of  the  horizontal  line),  which,  with 
the  horizontal  line,  ia  photographed  from  naturein  all  the  photographs.    He  attaches, 

1  suppoae,  to  the  board  a  sheet  of  carbon  paper,  and  over  it  a  sheet  of  drawing  paper, 
face  down.  The  projection  appears  on  the  back  of  the  latter,  and  he  marks  with  an 
agate  stylus  the  outlines  of  the  gymnast's  body,  the  horizontal  line,  and  the  object  t. 
These  outlines  are  thus  drawn  correctly  on  the  face  of  the  drawing  paper.  That  is 
how  I  understand  his  description. — Tbanblatob. 
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ber  of  iiD^es  of  the  athlete  wc  might  show  all  the  successive  positions 
of  the  weight,  which  would  then  have  been  very  numerous.  The  series 
of  these  positions  would  have  given  the  law  of  the  motion  impi'essed 

o 


on  the  projectile,  and  the  acceleration  would  have  given  in  its  turn  the 
measure  of  the  foi-ces  developed  by  the  gymnast  at  each  instant. 

We  can  even  push  the  analysis  of  muscular  action  so  far  as  to  give, 
in  the  successive  pictures  to  scale,  the  positions  of  the  skeleton  within 


the  subject,  with  the  phases  of  exteusion  and  contraction  of  the  prin- 
cipal muscles,  whose  insertions  upon  the  skeleton  are,  of  course, 
known.     Fig.  42  contains  such  details. 
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This  last  application  of  cbronophotographj  is  sometimes  somewhat 
laborious.  It  is  only  mentioned  to  show  the  exti'eme  power  of  the 
method  and  the  multiplicity  of  it»  applications. 

In  closing  it  may  be  added  that  since  the  exhibition  new  applications 
of  chronophotogi-apbj  have  been  made  at  the  physiological  station, 
which  promise  the  experimental  solution  of  certain  problems  hitherto 
looked  upon  as  insoluble. 


tmibaequent  DoleB  by  Dr.  Mare]'.  tmnalHled  Irum  Ihe  Complis  Rcadiia  uf  the  Availemyol  Scieni-ni. 
Vol.  CXXXII,  p.  12W,  mecKriK  of  June  3, 1901.J 

Since  the  communication  which  1  had  the  honor  to  make  to  the 
Academy  on  the  27tb  of  May,  1900,  I  have  seen  that  my  apparatus 
needed  to  bo  entirely  reconstructed  in  a  better  form,  but  the  resources 
of  my  own  laboratory  did  not  permit  it. 

Our  correspondent,  Mr.  Ijangley,  who  is  interested  in  thesie  studies, 
obtained  from  the  Smithsonian  Institution,  whose  Secretary  he  is.  a 
subsidy  which  has  permitted  me  to  resume  my  experiments,  and  to 
present  to  the  Academy  these  new  results.  I  have  also  awaited  the 
result  of  the  remarkable  experiments  of  Professor  Hele-Shaw,  and  it 
has  seemed  to  me  desirable  to  bring  together  these  two  kinds  of 
research,  which  have  a  common  purpose,  that  of  fixing  by  means  of 
permanent  images  phenomena  which  escape  direct  observation. 

Besides  this,  since  mj  last  communication  I  have  learned  of  the 
labors  of  Mr.  L.  Mach,  which  are  so  closely  related  to  my  own  that 
I  notice  them  in  giving  the  history  of  the  new  methods  which  seem 
destined  to  numerous  applications. 

It  was  on  the  11th  of  March,  1893,  that  I  had  the  honor  of  present- 
ing to  the  Academj'  my  iirst  experiments,  made  by  means  of  chrono- 
photography,  on  liquid  waves  or  movements  of  the  internal  molecules 
of  these  waves,  and  also  of  the  changes  of  speed  and  direction  in  cur- 
rents which  meet  bodies  of  diverse  forms.  After  Mr.  Mach's  com- 
munication of  hi.s  experiments  on  the  behavior  of  a  current  of  air 
under  analogous  circumstances,  he  develo))ed  this  research  in  a  later 
communication  on  the  use  of  an  inhaling  turbine,  passing  a  steady 
current  of  air  into  a  quadrangular  prismatic  tube,  whose  section  was 
18  by  24  cm.  The  face  of  this  tube,  turned  toward  the  observer,  was 
formed  of  transparent  glass;  the  opposite  face  was  blackened  to  form 
a  dark  chamber,  and  an  arc  lamp  projected  its  light  into  the  interior 
of  the  tube. 

Mr.  Mach  placed  bodies  of  different  forms  and  made  of  transparent 
substances  in  the  air  current,  and  took  different  ways  to  render  the 
movements  of  the  air  in  the  vicinity  of  the  Ixidies  visible.  Sometimes 
he  projected  light  bits  of  paper  or  silk  in  the  air  current  sometimes 
fine  dust,  .■'ometimes  smoke,  and  sometimes  he  hung  flexible  silk 
gMlsol 22  ^    ,,,  .C.OClglc 
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threads,  whi<-h  the  current  moved  along;  while  sometimes  he  explored 
the  direction  of  the  air  movements  by  means  of  little  gas  flames,  which 
he  applied  at  diSerent  poinU  of  the  bodies  that  were  in  the  tube.  But 
the  method  whitrb  gave  him  the  best  reaults  was  that  of  Schlieren, 
which  consists  of  rendering  visible  the  movementtiof  very  smnll  streams 
of  air  by  changing  the  index  of  refraction,  which  is  done  by  sending  a 
current  of  hot  air  into  a  colder  current.  The  small  streams  or  threads, 
which  are  warmed,  then  show  either  clearer  or  darker  than  the  sur- 
rounding air,  and  the  magnesium  Sash  light  permits  us  to  photograph 
the  phenomenon. 

Mr.  Mach's  experiments  have  given  results  quite  conformable  to 
those  which  1  obtained  in  the  movements  of  liquids  under  similar  cir- 
cumstances. So,  for  instance,  on  meeting  the  bodies  the  air  current 
divides  and  re-forms  behind  them  without  producing  many  whirlpools, 
and  when  the  plane  is  inclined  under  different  angles  and  solids  of 
different  forms  these  disturb  the  atr  as  if  it  were  water.  Mr.  Mach 
measured  the  speed  of  his  air  currents  by  means  of  an  anemometer, 
regulating  the  indications  of  the  instrument  by  an  acoustic  method 
devised  by  his  father.  Prof.  E.  Mach.  The  vibration  caused  by  a 
Koenig  flame  introduced  into  the  air  current  gives  the  appearance  of 
a  cluster  of  little  clouds,  which  move  on  while  keeping  their  respec- 
tive distance,  and  as  the  latt«r  correspond  to  known  intervals  of  time 
they  enable  one  to  measure  the  speed  of  the  current. 

Ml'.  MEich  noticed  a  lack  of  fixity  in  the  dii'ection  of  air  currents, 
which  showed  continual  oscillations,  and  he  attributes  these  movements 
to  changes  in  the  aerodynamic  pressure. 

These  studies  were  not  known  to  me  when  I  presented  to  the  Acad- 
emy the  result  of  experiments  where  I  bad  studied  the  action  of  differ- 
ent bodies  in  an  air  current  placed  in  conditions  identical  to  those 
which  I  had  studied  with  the  liquid  currents.  To  follow  the  move- 
ments! of  the  air,  I  used  smoke  threads,  which,  drawn  along  with  the 
air  by  the  action  of  ventilators,  entered  with  it  and  at  the  same  speed 
into  the  glass  tube.  The  air  and  smoke  were  filtrated  through  fine- 
mesbed  cloth  and  advanced  parallel  to  each  other  in  the  interior  of  the 
tube  as  long  as  the  current  met  no  obstacle. 

These  experiments,  like  those  of  Mr.  Mach,  have  shown  that  at  the 
rates  employed  air  and  liquids  behave  in  substantially  the  same  way. 

At  this  time  Mr.  Bertin,  an  engineer  of  the  Navy,  brought  me  into 
cori-espondence  with  Mr.  Hele-Shaw,  of  Liverpool,  who  had  been  pur- 
suing similar  experiments  in  closed  chambers  for  several  years.  The 
clear  images  given  by  photographing  colored  glycerin  threads  showed 
how  the  incoiuprcssibility  of  liquids  affect  eddies  in  an  inextensible 
space,  while  the  eddies  always  occur  in  different  degrees  l)ehind  lK>die« 
immersed  in  an  air  current,  or  even  in  a  liquid  current  if  it  is  moving 
in  an  o[)en  tube. 
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In  the  construction  of  my  new  apparatus  the  Hectioii  of  the  air  tube 
was  increased  from  20  to  50  cm.  and  the  number  of  threads  of  isnioke 
from  20  to  58.  The  filtering  cloths  were  replaced  hy  silk  ^uzes  with 
a  very  small  mesh,  and  1  finally  introdut'cd  into  the  experiment  a 
ch  ronc^raphic  system  which  allows  us  to  measure  the  speed  of  each 
smoke  thread  in  different  parL'i  of  itw  coui-se.  For  this  purpose  the 
system  of  little  tubes  which  bring  the  smoke  threads  whieh  are  about 
to  be  aspired  is  subject  to  a  lateral  shake,  repeated  ten  times  every 
second.  An  electric  vibrator  r^ulat^'s  this  movement  with  the  above- 
named  frequency,  and  under  this  influeni^o  the  smoke  threads  do  not 
form  straight,  parallel  lines,  but  sinusoidal  curves.  These  inflections 
are  preserved  during  their  whole  path.  In  the  interior  of  the  tube  a 
small  scale  20  cm.  long,  in  the  same  plane  as  the  smoke  tbi-eads,  serves 
to  measure  the  space  traversed  by  the  molecules  of  air  in  each  tenth 
of  a  second. 

Some  examples  of  the  results  obtained  will  enable  us  to  appreciate 
the  prt^ress  which  has  been  made  in  the  new  construction. 

When  there  is  no  obstacle  offered  to  the  air  current  the  smoke 
threads  remain  rectilinear  and  paiallel.  If  we  place  an  inclined  plane 
in  the  current  the  smoke  threads  enlarge  in  meeting  it,  which  indicates 
that  they  lose  velocity  before  following  opposite  dilutions.  Some 
mount  toward  the  upper  edge  of  the  plane,  others  glide  upon  each 
other  without  mingling  and  escape  by  the  lower  edge.  On  each  side 
of  the  obstacle  the  smoke  threads  continue  their  motion  very  close 
together,  leaving  behind  the  inclined  plane  a  space  where  the  air  is 
motionless,  and  only  gives  a  smoky  cloud.  This  space  where  the  eddies 
or  whirlpools  occur  is  larger  in  proportion  as  the  obstacle  to  the  air 
current  is  larger. 

To  note  the  speed  of  the  air  current  in  different  parts  of  its  course 
we  repeat  the  experiment,  subjecting  the  smoke  threads  to  the  above- 
mentioned  vibrations,  and  then  the  threads  instead  of  being  i-ectilinear 
pre.8ent  a  series  of  lateral  inflections  which  are  preserved  during  all 
their  course,  The.se  inflections  remain  equi  distant  if  the  speed  of  the 
current  is  everywhere  the  same,  but  if  the  current  speed  diminishes 
the  inflections  are  closer;  if  it  is  rapid,  they  are  more  distant  from 
each  other,  and  the  space  moved  over  in  a  given  time  is  measured  by 
means  of  the  metric  scale. 

The  figures  which  we  have  just  seen  are  observed  by  a  magnesium 
flasb;  that  is  to  say,  in  so  short  a  time,  that  each  .smoke  thread  seems 
immovable.  If  the  light  !ast«d  longer  the  aspect  of  the  figure  would 
change  and  give  the  further  condition  of  the  air  current  as  we  see  it 
in  fig.  :l",  where  the  light  produced  by  the  prolonged  combustion  lasts 
al>out  si>v«n  Rpi-onds. 

■Thie  flg.  4  coirexponde  t«  flg.  29,  PI.  v,  o/  the  foregoing  paper  on  (.■lironophotog- 
raphy,  where  are  also  shown  other  Hgurt»  here  referred  to  by  Doctor  Marey. 
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We  cati  not  enumerate  all  the  numerout*  appIii'atioii»  of  this  method, 
since  the  form  and  dimennionri  of  the  bodies  in  the  air  current  and  the 
velocity  of  this  current  itself  can  be  vaiied  without  end. 

I  have  never  observed  the  "  jumps"  noted  by  Mr.  Mach,  aa  making 
the  current  deviate  from  one  side  to  another.  Theae  "jumps"  might 
po88ihly  ))e  due  to  the  unequal  tompemture  of  the  moving  air.  It 
may  be  regarded,  1  think,  au  a  proof  of  the  prei-i^sion  of  my  Dietbod 
that  if  an  experiment  is  repeated  under  the  same  conditions  the 
observed  image.i  are  identical  and  stiiH^rposable  on  each  other. 

I  believe  I  may  add  that  this  method  will  give  the  mechanical  solu- 
tion of  many  problems  relating  to  propi'lling  uppHmtua,  fluids,  and 
questions  of  ventilation,  etc. 

[To  Mr,  Marey's  interesting  article  we  add  two  other  illustrations 
from  his  own  experiments,  since  received  from  him  by  the  Smithsonian 
■  Institution.  These  are  numbered  a  and  b,  a  being  a  form  producing 
very  little  eddy,  while  A  (a  form  not  noticeably  diffei-ent)  produces  a 
very  great  one.  These  seem  to  I>e  well  calculated  to  show  the  impor- 
tance and  the  delicacy  of  the  method.] 


^dbyGOQl^lC 


R  Currents  passing  curved  Object. 


Digitized  by  GOQl^lC 


lib,  Google 


THE  AIMS  OF  THE  NATIONAL  PHYSICAL  LABORATORY 
OF  GREAT  BRITAIN.' 


By  R.  T.  Glazbbrook,  F.  R.  S., 

Dirfdor  0/  the  National  Phytical  Laboratory. ' 


A  speaker  who  is  privileged  to  deliver  an  experimental  lecture  from 
this  place  \a  usually  able  to  announce  i^ome  brilliant  discovery  of  his 
own,  or  at  least  to  illui^trate  his  words  by  some  striking  experiment 
To-night  it  is  not  in  my  power  to  do  thiM,  and  I  am  thereby  at  a  dis- 
•tdvant^e.  Still,  I  value  highly  this  opportunity  which  has  been 
given  me  of  making  known  to  this  audience  the  aims  and  purpose  of 
the  National  Laltoratory. 

The  ideAof  a  physical  laboratory  in  which  problems  bearing  at  once 
on  science  and  industry  might  be  solved  is  comparatively  new.  The 
Physikalisch-t#chnische  Reich sanstalt,  founded  in  Berlin  by  the  joint 
labors  of  Werner  von  Siemens  and  von  Helniholtz  during  the  years 
1883-1887,  wa«,  perhaps,  the  first.  It  is  less  than  ten  years  since  Dr. 
I-iodge,  in  his  address  to  Section  A  of  the  British  association,  outlined 
the  scheme  of  work  for  such  an  institution  here  in  England. 

Nothing  came  of  this.  A  committee  met  and  discussed  plans,  but  it 
wa«  felt  to  be  hopeless  to  approach  the  Government,  and  without 
Government  aid  there  were  no  funds.  Four  years  later,  however,  the 
late  Sir  Douglas  Galton  took  the  matter  up.  In  his  address  to  the 
BritiMh  association  in  1S!)5,  and  again  in  a  paper  read  l)efore  Section  A, 
he  t»]lod  attention  to  the  work  done  for  Germany  by  the  Keichsanstalt, 
iind  to  (he  crying  need  for  a  similar  institution  in  England.  The  result 
of  this  preaidential  pronouncement  was  the  formation  of  a  committee 
which  repo,.,^.,!  at  Livei-i)ool,  giving  a  i-ough  outline  of  a  possible 
KhemG  of  orgiuiization. 

*E*print«H|_  \,y  permisHion,  from  Popular  Siienre  Monthly,  Vol.  LX,  December, 

">«  delivered   at  (he  Royal  InBtitiition.     See  also  article  by  Henry  S. 
|-  ...  ......... 
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A  |>ctition  U*  Lord  Salisbury  followed,  and  as  a  coDsequeiice  a 
treasury  (-oiimiitto«,  with  Lord  Kaylei^h  in  the  chair,  was  appointed  to 
consider  the  desirability  of  establishing  a  national  physical  lalmratory. 
The  committee  examined  over  thirty  witnesses,  and  then  reported 
unanimously,  "That  a  public  in.ttitution  should  l>e  founded  for  stand- 
ardizing and  verifying  instruments,  for  testing  materials,  and  for  the 
determination  of  physical  constants."  It  is  natural  to  turn  to  the 
words  of  those  who  were  instrumental  in  securing  the  appointment  of 
this  committee  and  to  the  evidence  it  received  in  any  endeavor  to  dis- 
cuss its  aims.  As  was  fitting,  Sir  Douglas  Gallon  was  the  first  wit- 
ness to  be  called.  It  is  a  source  of  .sorrow  to  his  many  friends  that 
he  ha.s  not  lived  to  sec  the  la)>oratory  completed. 

And  here  1  may  refer  to  another  serious  loss  which  in  the  last  few 
days  this  laboratory  has  sustained.  Sir  Coui-tenay  Boyle  was  a  mem- 
ber of  Lord  Kayleigh's  committee,  and  as  such  was  convinced  of  the 
need  for  the  laboratory  and  of  the  importance  of  the  work  it  could  do. 
He  took  an  active  part  in  its  organization,  sparing  neither  time  nor 
trouble;  he  intended  that  it  should  )>e  a  great  institution,  and  he  had 
the  will  and  the  power  to  help.  The  country  is  the  tMwrer  by  his 
sudden  death. 

Let  me  now  quote  some  of  Sir  Douglas  Galton's  evidence: 

Formerly  our  progi-ess  in  machinery  was  due  to  accuracy  of  measure- 
ment, and  that  was  a  class  of  work  which  could  be  done,  as  Whitworth 
showed,  by  an  educated  eye  and  educated  touch.  But  as  we  advance 
in  the  applications  of  science  to  industry  we  require  accuracy  to  be 
carried  mto  matters  which  can  not  l»e  so  measured.  In  the  more 
delicate  researches  which  the  physical,  chemical,  and  electrical  student 
undertakes  he  requires  a  I'eady  means  of  access  to  standards  to  enable 
bim  to  compare  his  own  work  with  that  of  others. 

Or  again: 

My  view  is  that  if  Great  Britain  is  to  claim  its  industrial  supremacy, 
we  must  have  accurate  standards  available  to  our  research  students 
and  to  our  manufacturers.  I  am  certain  that  if  you  had  them  our 
manufacturers  would  gradually  become  very  much  more  qualified  for 
advancing  our  manufacturing  industry  than  they  are  now.  But  it  is 
also  certain  that  you  can  not  separate  some  research  from  a  standard- 
izing department. 

Then  after  a  description  of  the  Reich-sanstalt  he  continues: 

What  I  would  a<lvocate  would  be  an  extension  of  Kew  in  the 
direction  of  the  .'^econd  division  of  the  Keichsan.stalt,  with  such  auxil- 
iary research  in  the  establishment  of  itself  as  may  l>e  found  ne<'es<sary. 

The  second  division  is  the  one  which  takes  charge  of  technical  and 
industrial  questions. 

Professor  Lodge  again  gave  a  very  valuable  summarj'  of  work  which 
ought  to  be  done.     Put  briefly  it  was  this: 

1.  Pioneer  work. 

2.  Verification  work.  r^fir-^nlc 
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3.  Systematic  measurements  and  examinations  of  the  propertiey  of 
suK-stance-s  under  all  conditionB. 

4.  The  precise  determination  uf  phTsical  constanU. 
6.  Observational  work,  tewting  instruments. 

6.  Constructional  work  (gratings,  optical  glass). 

7.  Designing  new  and  more  perfect  instruments. 

Such  were  the  views  of  those  who  took  a  prominent  part  in  the 
founding  of  the  institution. 

It  is  now  realized,  at  any  rate  by  the  more  enlightened  of  our  leaders 
of  industry,  that  science  can  help  them.  This  fact,  however,  has  been 
grasped  by  too  few  in  England;  our  rivals  in  Germany  and  America 
know  it  well,  and  the  first  aim  of  the  laboratory  is  to  bring  its  truth 
home  to  all,  to  assist  in  pi-omoting  a  union  which  is  certainly  necessary 
if  England  is  to  retain  her  supremacy  in  trade  and  in  manufacture,  to 
make  the  forces  of  science  available  for  the  nation,  to  break  down  by 
every  possible  means  the  barrier  between  theory  and  practice,  and 
to  point  out  plainly  the  plan  which  must  be  followed,  unless  we  are 
prepared  to  see  our  rivals  take  our  place. 

"  Germany,"  an  American  writer,'  who  has  recently  made  a  study  of 
the  subject,  has  said,  *'  is  rapidly  moving  towainl  industrial  supremacy 
in  Europe.  One  of  her  most  potent  factors  in  this  notable  advance  is 
the  perfected  alliance  between  science  and  commerce  existing  in  Ger- 
many. Science  has  come  to  be  regarded  there  as  a  commercial  factor. 
Jf  England  is  losing  her  supremacy  in  manufactures  and  in  commerce, 
as  many  claim,  it  is  because  of  English  conservatism  and  the  failure  to 
utilize  to  the  fullest  extent  the  lessons  taught  by  science,  while  Ger- 
many, once  the  country  of  di-eamers  and  theorists,  has  now  become 
intensely  practical.  Science  there  no  longer  seeks  court  and  cloister, 
but  is  in  open  alliance  with  commerce  and  industry."  It  is  our  aim  to 
promote  this  alliance  in  England,  and  for  this  purpose  her  National 
Physical  Laboratory  has  been  founded. 

It  is  hardly  necessary  to  quote  chapter  and  vei-se  for  the  assertion 
that  the  close  connection  between  science  and  industry  has  had  a  pre- 
dominant effect  on  German  trade.  If  authority  is  wanted,  1  would 
refer  to  the  historj-  of  the  anilin  dye  manufacture,  or  to  take  a  more 
recent  case,  to  the  artificial  indigo  industry  in  which  the  success  of  the 
Badicbe  Company  has  recently  been  so  marked.  The  factory  at  Lud- 
wigshaven  started  thirty-five  years  ago  with  30  men.  It  now  employs 
over  6,000,  and  has  on  its  staff  148  trained  scientific  chemists.  And 
now  when  it  is  perhaps  too  late  the  Indian  planters  are  calling  in  sci- 
entific aid  and  the  Indian  government  is  giving  some  -£3,500  a  year  to 
investigation. 

As  Professor  Armstrong,  in  a  recent  letter  to  the  Times,  says:  "The 
truly  serious  side  of  the  matter,  however,  is  not  the  prospective  loss 

•  Prot.  H.  S.  Carhart, 
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of  the  entire  indigo  industry  »o  much  lus.the  ftxt  that  an  achievement 
such  aa  that  of  the  Badiche  Company  Keeiiis  past  praying  for  hei-e." 

Or,  to  talie  another  instance,  seieDtitic  visitors  to  the  Paris  Exhibi- 
tion last  3'ear  miist  have  been  struck  hy  the  Oeiiiian  exhibit  of  appa- 
ratus^ German  instrument  makers  oonihined  to  produce  a  joint 
exhibit;  a  strong  committee  was  formed.  Under  the  skillful  editor- 
ship of  Dr.  Lindcck,  of  the  Reichsanstalt,  a  catalogue  was  compiled,  in 
which,  by  a  judiciouij  arrangement  of  cross  references,  it  was  easily 
possible  to  find  either  the  exhibit  of  a  particular  lirm  or  the  apparatas 
of  a  paiticular  class.  This  was  printed  in  German,  English,  and 
French,  and  issued  freely  to  visitors.  Dr.  Drosten,  the  lepresenta- 
tiveof  the  exhibitors  in  chaise,  or  one  of  his  assistants,  was  ever  ready 
to  give  information  and  advice.     To  one  who  wished,  as  I  did,  to  see 


the  most  motlern  forms  of  German  apparatus,  the  exhibit  wiis  a  very 
real  help.     •    •    • 

And  now  having  stated  in  geneml  terms  the  aims  of  the  labomtory 
and  given  some  account  of  the  progress  in  geneml,  let  me  pa.ss  to  some 
de:jcription  of  the  means  which  have  been  placed  at  our  dis|>osal  to 
realize  those  aims.  1  here  wish,  if  time  permits,  to  discuss  in  fuller 
detail  some  of  the  work  which,  it  is  hoped,  we  may  take  up  imme- 
diately. 

The  Iflbomtory  is  to  be  at  Bushy  House,  Teddington.  I  will  pa.ss 
over  the  events  which  le<l  to  this  change  of  site  from  the  old  Deer  Park 
at  Richmond  to  Rushy.     It  is  sufficient  to  say  that  at  present  Kew 

r     ,  ..I   ,C~.Ot")«^lc 


BusMv  House,  South  Front. 


^dbyGoo^lc 


lib,  Google 
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Observatory  in  the  Deer  Park  will  reiiiuin  tm  the  observatory  de[)tirt- 
iiient  of  the  laboratory,  and  most  of  th<^  important  vcrific'ation  nnd 
standardization  work,  whirh  in  tho  jnust  has  lieen  done  there,  will  still 
find  itM  home  in  the  old  building.  The  house  was  ori^rinaUythf^ottii^ial 
residence  of  the  ranjjcrof  Biwhy 
Park.  Queen  Anne  gmnted  it  in 
1710  to  the  first  Lord  Halifax. 
In  1771  it  passed  to  Lord  North, 
being  then  probably  rebuilt. 
Upon  the  death  of  Lord  North's 
widow,  in  1797,  the  Duke  of  Clar- 
ence, afterwards  William  IV,  be- 
came ranger.  After  his  death,  in 
1837,  it  was  granted  to  his  widow. 
Queen  Adelaide,  who  lived  here 
until  1849.  At  herdeath  itpassed 
to  th»  Duo  de  Nemours,  son  of 
King  Louis  Philippe,  and  he  re- 
sided here  at  intervals  until  lUilii. 
In  spite  of  this  somewhat  aristo- 
cratic  history   it   will   make  an 

admi rable  lahoi-atory.  The  build-  '""''*'  "'"""■ """""'  p'"" 

ing  is  very  solid  and  substantial.  There  is  a  good  basement  under  the 
main  central  block,  with  roof  of  brick  groining,  which  makes  a  very 
steady  support  for  the  floor  above. 

Such  is  the  home  of  the  laboratory.    It  may  l)e  of  interest  to  compare 
it  with  the  Rcichsanstalt. 

The  floor  space  available  is 
much  less  than  that  of  the 
Rcichsanstalt.  Hutsizealone 
is  not  an  unmixed  advantage; 
there  is  much  to  be  said  in 
favor  of  gradual  growth  and 
I  development,  pi-ovided  the 
conditions  arc  Huch  as  to 
favoi  growth.  Personally  1 
would  pi'ofer  to  Imgin  in  a 
small  way.  if  only  I  felt  sure 
I  was  in  a  position  to  do  the 
work  thoroughly,  but  there 
is  danger  of  starvation.  Even 
with  all  the  help  we  get  in  freedom  from  rent  and  taxes,  outside  repairs 
and  maintenance,  the  sum  at  the  disposal  of  the  committee  is  too  small. 
Fourteen  thousimd  pounds  will  not  build  and  equip  the  lalwratory. 
Four  thousand  pounds  a  year  will  not  maintain  it  a.s  it  ought  to  he 
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nuiintaincd.  Contmat  this  with  the  expenditure  on  the  Kei<;hi«D8talt' 
or  with  the  proposals  in  Aiiierit'u  where  the  bill  fur  the  establishment 
of  a  laboratory'  has  just  patised,  and  an  expenditure  of  ;e60,000  on 
building  and  wite  and  £9,000  a  year  has  been  authorized,     •     •     • 

Science  is  not  yet  regarded  as  a  commercial  factor  in  Engiaad.      Is 
there  no  one  who.  realizing  the  importance  of  the  alliance,  will  come 


EnslriwriDg  lJiborst«ty,  t;n>und  plan, 

forward  with  more  ample  funds  to  start  us  on  our  course  with  a  fair 
prospect  of  success?  One  real  friend  has  recently  told  us  in  print 
that  the  new  institution  is  on  such  a  microscopic  scale  that  its  utility 
in  the  present  struggle  is  more  than  doubtful.  Is  there  no  statesman 
who  itin  grasp  the  position  and  see  that,  with,  say,  double  t^e  income, 
the  chances  of  our  doing  a  great  work  would  be  increased  a  hundred- 


■  Capilal  expenditure  on  the  Reiehtantlalt. 


Site,  the^ttotUr.  Siemens £26.000 

Cost  of  buildings 34, 275 

FitdngH  and  furniture 2, 700 

Machinery  a n<t  instrunients 4, 100 

jEe6,075 


Buildings 88, 000 

Fittings  and  fumitiiri' 5,400 

Machinery  and  i^st^uulent^' 211, 550 


201,625 


Salaries  and  wages £10, 300 

Maintenance  of  buildinge,  appamtus,  etc 6, 350 

16,660 
See  description,  with  illustrations  nf  the  Rt-icheanatalt,  hy  Henry  S.  Carhart,  printed 


n  the  Smithximian  Kei^irt  for  1!HX>,  |>agf8  40:MI5. 
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Tbo  pit)l)leDi8  we  havo  to  solve  are  hard  enough;  give  us  means 
'__^^  *\*lo_v  the  best  men  and  we  will  anHwer  them:  starve  us  and  then 

.^tenre  applied  to 
eof  our  technical 


«ur  failure  as  showing  the  uBeleatinesH  of  t 
X7y.     There  in  some  justice  in  the  criticism  of  oi 


pSLpers.     I  have  recently  l>cen  adveitising  for  aasiutantK,  and  a  paper 
in   whose  eolumni*  the  advertisement  appears  writes: 

"The  scale  of  pay  is  certainly  not  extravagant,     It  is,  however,  pos- 
sible that  the  duties  will  be  correspondingly  light." 

I  have  thus  summarized  in  a  brief  manner  the  aims  of  the  labora- 
tory »nd  have  indicat«d  the 
effect  which  the  application 
of  science  to  industry  has 
had  on  one  branch  of  trade 
in  Germany,  And  now  let 
me  illustrate  these  aims  by 
a  more  detailed  aci'ount  of 
some  of  the  problems  of  in- 
dustry which  have  been 
solved  by  the  application  of 
science,  and  then  of  some 
others  which  remain  un- 
solved and  which  the  latora- 
tory  hopes  to  attack.  The 
storj-  of  the  Jena  glass  works 
is  most  interesting;  we  will 
take  it  fii-st. 

An  exhibition  of  scientific 


Kclchntotalt,  gem 


apparatus  took  place  in  London  in  1878,  Among  the  visitors  to  this  was 
Professor  Abb*',  of  .lena.  and  in  a  rciwrt  he  wrote  on  the  opticnl  appara- 
tus he  called  attention  to  the  need  for  progress  in  the  art  of  glass  making 
If  the  miscros(^»p<'  were  to  advance  and  to  the  necessity  for  obtaining 
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glasses  having  a  different  relation  between  dispersion  and  refractive 
index  than  that  found  in  the  material  at  the  disposal  of  opticians.  Stokes 
and  Harcourt  had  already  made  attempts  in  this  direction,  but  with  no 
marked  success.  Id  1881  Abb^  and  Schott  at  Jena  started  their  work. 
Their  undertaking,  they  write  five  years  later  in  the  first  catalogue  of 
their  factory,  arose  out  of  a  st^^ientific  investigation  into  the  connection 
between  the  optical  properties  of  solid  amorphous  ff  i^xes  and  their  cheta- 
ical  constitution.  When  thej'  began  their  work  some  6  elements  only 
entered  into  the  composition  of  glass.  By  1888  it  had  been  found  possible 
to  combine  with  these  in  quantities  up  to  about  10  per  cent  28  different 
elements,  and  the  effe<;t  of  each  of  these  on  the  refractive  index  and 
dispersion  had  been  measured.  Thus,  for  example,  the  investigators 
found  that  by  the  addition  of  boron  the  ratio  of  the  length  of  the 
blue  end  of  the  spectrum  to  that  of  the  red  was  increased;  the  addition 
of  fluorine,  potassium,  or  sodium  produced  the  opposite  result.  Now 
in  an  ordinary  achromatic  lens  of  crown  and  flint,  if  the  total  disper- 
sion foi'  the  two  be  the  same,  then  for  the  flint  glass  the  dispei-sion  of 
the  blue  end  is  greater;  that  of  the  red  leas  than  for  the  crown;  thus 
the  image  is  not  white,  a  secondary  spectrum  is  the  result.  AbM 
showed,  as  Stokes  and  Harcourt  had  shown  earlier,  that  by  combining 
a  large  proportion  of  Intron  with  the  flint  its  dispersion  was  made 
more  nearly  the  name  as  that  of  the  crown,  while  by  replacing  the 
silicates  in  the  crown  glass  by  phospates  a  still  better  result  was 
obtained,  and  by  the  use  of  three  glasses  three  lines  of  the  spectrum 
could  be  combined.  The  spectrum  outstanding  was  a  tertiary  one  and 
much  less  marked  than  that  due  to  the  original  crown  and  flint  glass. 
The  modern  microscope  became  possible. 

The  conditions  to  be  satisfied  in  a  photographic  lens  differ  from 
those  required  for  ii  mici-oscope.  Von  Seidel  bad  shown  that  with  the 
ordinary  flint  and  crown  glasses  the  conditions  for  achromatism  and 
for  flatness  of  field  can  not  l>e  simultaneously  satisfied.  To  do  this  we 
need  a  glass  of  high  refi-active  index  and  low  dispersive  power  or  vice 
versa;  in  onlinary  glasses  these  two  properties  rise  and  fall  together. 
Thus  crown  gla.-js  has  a  refratitive  index  of  1.518  and  a  dispersive 
power  of  U.0166,  while  for  flint  the  figures  are  1.717  and  0.0339.  By 
introducing  barium  into  thecrown  glass  a  change  is  produced  in  this 
respect.  For  tmrium  crown  the  refractive  index  is  greater  and  the 
dispersive  power  les.«  than  for  soft  crown.  With  two  such  glasses, 
then,  the  field  can  be  achromatic  and  flat.  The  wonderful  results 
obtained  by  Dallmoyer  and  Ross  in  this  country,  by  Zeiss  and  Stein- 
heil  in  Germany,  are  due  to  the  use  of  new  glasses.  They  have  also 
been  applied  with  marked  success  to. the  manufacture  of  the  object 
glasses  of  large  telescopes. 

But  the  .lena  glasses  have  other  uses  lM3sides  optical.  "About 
twenty  years  ago''— the  quotation  is  from  the  catalogue  of  the  (jerman 
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exhibition— "the  manufacture  of  thermometers  bad  come  to  a  dead 
stop  in  Germany,  thermometers  being  then  invested  with  a  defect, 
their  liability  to  periodic  changes,  which  seriously  endangered  German 
manufacture.  Comprehensive  investigations  were  then  oariied  out 
by  the  Normal  Aicbungs  commission,  the  Reicbsanstalt,  and  the  Jena 
glass  works,  and  much  labor  b;  ought  the  desired  reward."  The  defect 
referred  to  was  the  temporary  depression  of  the  ice  point  which  takes 
place  in  all  thormomotcrs  after  heating.  Let  the  ice  point  of  a  ther- 
mometer be  observed;  then  raise  the  thermometer  to  say  100^  and 
i^in  observe  the  ice  point  as  soon  as  possible  afterwards;  it  will  he 
depressed  below  its  previous  position;  in  some  instruments  of  Thu- 
ringian  glass  a  depression  of  as  much  as  0.65^  C.  had  V>een  noted.  For 
scientific  purposes  such  an  instrument  is  quite  untrustworthy.  If  it 
be  kept  at  say  Id*^  and  then  immersed  in  a  bath  at  30°  it  will  be  appre- 
ciably different  from  tha'  which  would  be  given  if  it  were  first  raised 
to  say  50^,  allowed  to  cool  quickly  just  below  30°,  and  then  put  into 
the  bath.  This  was  the  defect  which  the  investigators  set  themselves 
to  cure. 

Depragion  nf  freezing  point  far  mrvrua  tk^nnumelert. 

Humboldt,  1835 0.06 

Greiner,  1872 38 

Schultzer,  1875 44 

RappB,  1878 65 

English  glass 15 

Ver  Deer 08 


Artalymi  of  glat*ai. 

SiO,        Na,0       CaO       A1,0,       ZnO        B,n, 

lfi'"_e7.5  14  7  2.5  7  2 

■W"'— 72  11  5  12 

Weber  had  found  in  1883  that  glasses  which  contain  a  mixture  of 
soda  and  potash  give  a  very  large  depression.  He  made  in  1883  a 
glass  free  from  soda  witb  a  depression  of  0.  l'^.  The  work  was  then 
taken  up  by  the  Aichungs  commission,  the  Reicbsanstalt,  and  the 
Jena  factory.  Weber's  results  were  confirmed.  An  old  thennoiiieter 
of  Humboldt^s  containing  0.86  per  cent  of  soda  and  ^0  per  cent  of  potash 
had  a  depression  of  0.06*^,  while  a  new  instrument,  in  which  the  per- 
centages were  12.7  per  cent  and  10,6  per  cent,  respectively,  had  a 
depression  of  0.65°.  An  English  standard,  with  1.5  per  cent  of  soda, 
12.3  percent  of  potash,  gave  a  depression  of  0.15°,  while  a  French 
"Ver  Deer"  instrument  in  which  these  proportions  were  reversed  gave 
only  0.8°.  It  remained  to  manufacture  a  glass  which  should  have  a 
low  depression  and  at  the  same  time  other  satisfactory  properties.  The 
BOW  well-known  glass  16" '  is  the  result.     Its  composition  is  shown  in 
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the  table.  The  fwt  that  there  was  an  apprecialile  diiference  between 
the  scale  of  the  It!"'  g\a»»  and  that  of  the  air  thermometer  led  to 
further  investigation,  and  another  Erlasi*,  a  hontsilicate,  containing  12 
per  cent  of  boron,  wa.s  the  conmtquence.  This  glrns  han  a  .still  smaller 
depression.  Aa  a  result  of  this  work  Germany  can  now  claim  that 
"the  manufacture  of  thermometei-s  ha**  reached  in  Germany  an  unprec- 
edented level  and  now  governs  the  markets  of  the  world," 

Previous  to  1888  Germany  imported  optii'al  glass:  at  that  date 
nearly  all  the  glass  required  was  of  home  manufacture.  Very  shortly 
afterwards  an  export  trade  in  raw  glass  bogani  which  in  18^8  was 
worth  £'S0,000  per  annum,  while  the  value  of  optical  instruments,  .such 
as  telescopes,  field  glasses,  and  the  like,  cxport«d  that  year  was  over 
iI250,(KM>,  Such  are  the  results  of  the  application  of  science — i.  e., 
organized  common  sense — to  a  great  industry.  The  National  Physical 
Laboratory  aims  at  doing  the  like  for  England. 

The  question  of  standardization  of  patterns  and  designs  is  probably 
too  large  a  one  to  go  into  on  the  present  wcasion.  Some  months  ago  a 
most  interesting  discussion  of  the  su]>ject  took  place  at  the  Institution 
of  Electrical  Engineers.  To  my  mind  there  is  no  doubt  that  the 
judicious  adoption  of  standard  types  combined  with  readiness  to  M^rap 
old  patterns,  so  soon  as  a  real  advance  or  improvement  is  made,  is 
necessary  for  progress.  One  who  has  been  over  some  good  German 
workshop  or  has  contrasted  a  first-class  English  shop  where  this  Is  the 
practice  with  an  old-fashioned  establishment  where  standardization  ia 
hardly  known,  can  have  no  hesitation  on  this  question.  It  has  it**  dis- 
advantages, less  is  left  to  the  originality  of  the  workman  and  in  con- 
sequence they  lose  the  power  of  adaptation  to  new  circumstances  and 
conditions.  The  English  mechanic  is,  I  believe,  greatly  superior  to  the 
German,  but  the  scientific  organization  of  the  Gerinan  shops  enables 
them  to  compete  successfully  with  the  English. 

In  1881  the  German  Association  of  Mechanics  and  Opticians  was 
formed,  having  for  its  aim  the  scientifio,  te<'hnical,  and  commercial 
development  of  instrument  making.  The  society  has  its  official  organ, 
the  Zeitschrift  fflr  In.strunieiitenkunde,  edited  by  one  of  the  staff  of 
the  Reichsanstalt.  Specialized  schools  for  the  training  of  young 
mechanics  in  the  scientific  side  of  their  calling  have  been  formed  and 
now  the  majority  of  the  leading  firms  retain  in  their  permanent  service 
one  or  more  trained  mathematicians  or  physicists.  In  this  way,  again, 
the  importance  of  science  to  industry  is  recognized.  I  have  thus  noted 
very  briefly  some  of  the  ways  in  which  science  has  become  identified 
with  trade  in  Germany,  and  have  indicated  .some  of  the  investigations 
by  which  the  staff  of  the  Koichsanstalt  and  others  have  advanced  manu- 
factures and  commer<'p. 

Let  us  turn  now  to  the  other  side,  to  some  of  the  problems  which 
remain  unsolved,  to  the  work  which  our  laboratory  is  to  do  and  by 
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Fw.  I.— Sectiom  of  Iron  afteb  various  Treatments. 


Fw.  2— Section  of  bad  Rail. 


Fio,  4.— Section  of  bad 
Rail,   showing   Sur- 
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doing  waich  it  will  i-ealize  the  aims  of  its  founders.  The  inicro«copic 
examination  of  metalu  was  begun  by  8orbj  in  1864.  Sini-e  that  date 
many  distinguished  experimenters,  Andrews,  Arnold,  Ewing,  Martens, 
Osmond,  Uobertj-Austen,  8tead.  and  others  have  added  much  to  our 
knowledge.  I  am  indebted  to  Sir  W.  Roheris- Austen  for  the  slides 
which  I  am  about  to  show  you  to  illustrate  some  of  the  points  arrived  at. 
Professor  Ewing,  a  year  ago,  laid  before  the  Royat  Institution  the  results 
of  the  experiment  of  Mr.  Kosenbain  and  himself.  This  mieroscopic 
work  has  i-evealed  to  us  the  f-wt  that  steel  must  be  regarded  a.-  a  crys- 
tallized igneous  rock.  Moreover,  it  is  capable  at  temperatures  far 
below  its  melting  point  of  altering  its  structure  completely,  and  its 
mecbanimi  and  magnetic  properties  are  intimately  related  to  its 
structure.  The  chemical  constitution  of  the  steel  may  be  unaltered,  the 
amounts  of  carbon,  silicon,  manganese,  etc.,  in  the  different  forms 
remain  the  same,  but  the  structure  changes,  and  with  it  the  properties 
of  the  steel.  Figure  1  on.  Plate  11  represents  sections  of  the  same 
steel  polished  and  etehed  after  various  treatments.  " 

The  steel  is  a  highly  carbonized  form,  containing  1.5  per  cent  of 
carbon.  If  it  be  cooled  down  from  the  liquid  state,  the  temperature 
being  read  by  the  deflexion  of  a  galvanometer  needle  in  circuit  with  a 
thermopile,  the  galvanometer  shows  a  slowly  falling  temperature  till 
we  reach  1,380'^  C,  when  solidification  takes  place.  The  changes  which 
now  go  on  take  place  in  solid  metal.  After  a  time  the  temperature 
again  falls  until  we  reach  680^,  when  there  is  an  evolution  of  heat;  bad 
the  steel  been  free  from  carbon  there  would  have  been  evolution  of 
beat  at  895°  and  ^ain  at  766'^.  Now  throughout  the  cooling  molecular 
changes  are  going  on  in  the  steel.  By  quenching  the  steel  suddenly  at 
any  given  temperature  we  can  check  the  irhange  and  examine  micro- 
scopically the  structure  of  the  steel  at  the  temperature  at  which  it  was 
checked. 

In  the  figure  (Plate  II),  with  the  exception  of  .speiumen  No,  6,  the 
metal  has  not  been  heated  above  1,050"^,  over  3m>'^  below  its  meltmg 
I>oint. 


'  Spcolmen. 

1.  Rtueed  U>  1000°.     Worked  and  cooled  sluwly.     MiiM>eH  of  uirbide  ground  work, 

bands  of  iron  and  carbide,  pearlit«  structure. 

2.  Baieed  to  850°  and  quiclily  cooled,     MasBes  disappear. 

3.  Raised  to  860°  and  quenched  in  water.     Arcicular  Biructure.     Marten^ite,  hard 

Bleel. 

4.  Raised  to  1,050°  and  (|uenrhed  in  iced  brine.     Marteneite  and  AuHtenite. 

5.  Same  cooled  in  liquid  air  to  — 243°.     Much  like  inartenKite. 

6.  Heated  to  near  nieltin);  point,  quenched  suddenly  burnt  steel. 

7.  Heated  to  650° — annealed  for  alon^  time  at  this  temperature  and  slowly  cuoled, 

iNindH  of  carbide  ami  )iearlite. 
H.   Any  s{>e<'imen  exn-pl  (i  licated  to  8-')0°,  workeil  H[id  slowly  cooliii.  givinK  ni*  the 

Very  markevl  chanjni*  ini^cht  have  l)een  produced  in  3  by  annealintf  at  140°. 
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At  temperatures  between  about  900°  and  1,100°  the  airbon  exists  in 
the  form  of  carbide  of  iron  dissolved  in  the  iron,  at  a  temperature  of 
890°  the  iron  which  can  exist  in  different  forms  an  an  allotropic  sub- 
stance passes  from  the  y  foiui  to  the  ^  form,  and  in  this  form  can 
not  dissolve  more  than  0.!t  percent  of  carbon  as  carbide.  Thus  at  this 
temperature  a  large  proportion  of  the  carbon  passes  out  of  the  solu- 
tion. At  680^  the  remainder  of  the  carbide  falls  outof  the  solution  as 
lamina. 

Thas  the  following  temi)eniturcs  must  be  noted:  1,380%  melting 
point;  l.O.iO^,  highest  point  reached  by  specimen;  890'',  0.6  per  cent 
of  carlxm  de|K)sited;  680-,  rest  of  carbide  deposited. 

To  turn  now  to  the  details  of  the  photo,  the  center  piece  is  the 
cemented  .steel  as  it  comes  frotn  the  funiace  after  the  usual  treatment. 

These  slides  are  sufficient  to  call  attention  to  the  changes  which 
oct^ur  in  solid  iron,  changes  whose  importance  is  now  beginning  to  be 
realized.  On  viewing  them  it  is  a  natural  question  to  ask  how  all  the 
other  properties  of  iron  are  related  to  its  structure:  can  we  by  special 
treatment  produce  a  steel  more  suited  to  the  -shipbuilder,  the  railway 
engineer,  or  the  dynamo  maker  than  any  he  now  posses.sc-s 'f 

These  marked  effects  arc  connected  with  variations  in  the  condition 
of  the  carbon  in  the  iron;  can  equally  or  possibly  more  marked 
changes  be  produced  by  the  introduction  of  some  other  elements? 
Guillaume's  nickel  steel  with  its  small  coefficient  of  expansion  appears 
to  have  a  future  for  many  purposes;  can  it  by  some  modification  be 
made  still  moi'e  useful  to  the  engineer? 

We  owe  nmch  to  the  work  of  the  alloys  resc.uch  committee  of  the 
Institution  of  Mechanical  Engineers.  Their  distinguished  chairman 
takes  the  view  that  the  work  of  that  committee  has  only  liegun  and 
that  thei-e  is  scopt>  for  research  for  a  long  time  to  <-ome  at  the  National 
Physical  Laboratory,  and  the  executive  committee  have  accepted  this 
view  by  naming  as  one  of  the  first  subjects  to  be  investigated  the  con- 
nection between  the  magnetic  quality  and  the  phj'sical,  chemical,  and 
electrical  properties  of  iron  and  its  alloys  with  a  view  specially  to 
the  determination  of  the  conditions  for  low  hysteresis  and  nonaging 
properties. 

At  any  rate  we  may  trust  that  the  condition  of  affairs  mentioned  by 
Mr.  Hadtield  in  his  evidence  before  Lord  Rayleigh's  commission, 
which  led  a  user  of  English  steel  to  specify  that  before  the  steel  could 
be  accepted  it  must  be  stamped  at  the  Reichsanstalt,  will  no  longer 
exist. 

The  subject  of  wind  pressure  again  is  one  which  has  occupied  the 
committee's  attention  to  some  extent. 

The  lioai-d  of  Tnide  rules  require  for  bridges  and  similar  structures 
(1)  that  a  miiximiim  pressuiv  of  .50  pounds  per  .square  foot  be  pro- 
vided for,  {-J)  that  the  effective  surface  on  which  the  wind  acts  should 
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be  assumed  a^  from  once  to  twk'e  the  area  of  the  front  .surface  accord- 
ing to  the  extent  of  the  openings  in  the  lattice  girders,  (3)  that  a 
factor  of  safety  of  4  for  the  iron  work  and  of  2  for  the  whole  bridge 
overturning  be  assumed.  These  recommendations  were  not  based  on 
any  special  experiments.  The  question  had  been  investigated  in  pact 
by  the  late  Sir  Wm,  Siemens. 

During  the  construction  of  the  Forth    Bridge  Sir  B.  Baker  eon- 
ductetl  a  series  of  obsen-ations. 

TaUf  II. 
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The  results  of  the  first  two  years'  obser^'ations  are  shown  in  Table 
II,  taken  from  a  paper  read  at  the  British  Association  in  1884.  Thi-co 
gauges  were  used.  In  No.  1  the  suHacc  on  which  the  wind  acted  was 
about  H  square  feet  in  area;  it  was  uwiveled  so  as  always  to  bo  at 
right  angles  to  the  wind.  In  No.  2  the  area  of  surface  acted  on  wasof 
tiie  same  size,  but  was  fixed  with  its  plane  north  and  south.  No.  3  was 
also  fixed  in  the  same  direction,  but  it  had  200  times  the  area,  its  sur- 
face being  300  square  feet. 

In  preparing  the  table  the  mean  of  all  the  readings  of  the  revolving 
gauge  between  0  and  5,  5  and  10,  etc.,  pounds  per  square  foot  have 
been  taken  and  the  mean  of  the  corresponding  readings  of  the  small 
fixed  gauge  and  the  large  fixed  gauge  set  opposite,  these  beingarranged 
for  easterly  and  westerly  winds. 

Two  points  are  to  be  noticed:  (1)  There  is  only  one  reading  of  over 
32.5  pounds  registered,  and  this  it  is  practically  certain  is  due  to  faulty 
action  in  the  gauge.  Sir  B.  Baker  has  kindly  shown  me  some  fuHher 
records  with  a  small  gauge. 

According  to  these,  pressures  of  over  50  pounds  have  been  registered 
on  three  occasions  since  1886.  On  two  other  occasions  the  pressures 
as  registered  reached  from  40  to  50  pounds  per  square  foot.  But  the 
table,  it  will  be  seen,  enables  us  to  compare  the  pressure  on  a  small 
area  with  the  average  pressure  on  a  large  area,  and  it  is  clear  that 
in  all  cases  the  pressure  per  square  foot  as  given  by  the  large  area  is 
much  less  than  that  deduced  from  the  simultaneous  observations  ou 
the  small  area. 
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The  large  j^uge  became  unsafe  in  1S96  and  was  i-emoved,  but  the 
observations  for  the  previous  ten  years  entirely  confinn  this  result,  the 
importanee  of  which  is  obvious.  The  same  result  may  be  deduced 
from  the  Tower  Bridge  observations.  Power  is  required  to  i-aise  the 
great  bascules,  and  the  power  needed  depends  on  the  direction  of  the 
wind.  From  observations  on  the  power  some  estimate  of  the  average 
wind  pressure  on  the  surface  may  be  obtained,  and  this  is  found  to  be 
less  than  the  pressure  registered  by  the  small  wind  gauges. 

Nor  is  the  result  surprising  when  the  matter  is  looked  at  as  an  hydro- 
dynamical  problem — the  wind  blows  in  gusts — ^the  lines  of  flow  near  a 
small  obstacle  will  differ  from  those  near  a  large  one;  the  distribution 
of  pressure  over  the  large  area  will  not  be  unifoi-m.  Sir  W,  Siemens 
is  said  to  have  found  places  of  negative  pressure  near  such  an  obstacle. 
As  Sir  J.  Wolfe  Barry  ha.-*  pointed  out,  if  the  average  of  66  pounds  to 
the  square  foot  is  excessive,  then  the  cost  and  difficulty  of  erection  of 
large  engineering  works  is  being  unnecessarily  increased.  Here  ia  a 
problem  well  worthy  o:'  attention  ar.d  about  which  but  little  is  known. 
The  same,  too,  may  be  said  about  the  second  of  the  Board  of  Trade 
rules.  What  is  the  effective  surface  over  which  the  pi-essure  is  exerted 
on  a  bridge?  On  this  again  our  information  is  but  scanty.  Sir  B. 
Baker's  experiments  for  the  Forth  Bridge  led  him  to  adopt  as  his  rule 
double  the  plane  surface  exposed  to  the  wind  and  deduct  50  per  cent 
in  the  case  of  tubes.  On  this  |K)int,  again,  further  experiments  arc 
needed. 

To  turn  from  engineering  to  physics.  In  metrology  as  in  many 
other  branches  of  science  difficulties  connected  with  the  measurement 
of  temperature  are  of  the  first  importance. 

I  was  asked  some  little  time  since  to  state  to  a  very  high  order  of 
exactness  the  relation  between  the  yard  and  the  meter.  I  could  not 
give  the  number  of  figures  required.  The  meter  is  defined  at  the 
freezing  point  of  water,  the  yard  at  a  tcmpei"ature  of  t>2^  F.  When  a 
yard  un<l  a  meter  scale  ai'c  compared  they  are  usiiallj'  at  about  the  same 
tcmi>erature;  the  difficulty  of  the  comparison  is  enormously  inci'eased 
if  there  be  a  temperature  difference  of  30^  F.  between  the  two  scales. 
Hence  we  require  to  know  the  temperature  coefficients  of  the  two 
standai'ds.  But  that  of  the  standard  yard  is  not  known;  it  is  doubtful, 
1  liclievc,  if  the  composition  of  the  alloy  of  which  it  is  made  Is  known, 
and  in  consequence  Mr.  Chancy  has  mentioned  the  determination  of 
coefficients  of  expansion  as  one  of  the  investigations  which  it  is  desir- 
able that  the  Latwratory  should  undertake. 

Oi',  again,  take  thermometry.  The  standard  scale  of  temperature  is 
that  of  the  hydiogen  thermometer;  the  scale  in  pi-actical  use  in 
England  is  the  mercury  in  flint-glass  scale  of  the  Kew  standard  ther- 
ntometers.  It  is  obvious  that  it  i^;  of  importance  to  science  that  the 
difference  between  the  scales  should  be  known,  and  various  attempts 
have  been  made  to  compare  them. 
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But  tfae  results  of  no  two  series  of  observations  which  havo  been 
made  agree  satisfactorily.  The  variations  arise  probably  in  great 
measure  from  the  fact  that  the  English  glass  thermometer  as  ordina- 
rily made  and  used  is  incapable  of  tfae  accuracy  now  demanded  for 
scientific  investigation.  The  temporary  depression  of  the  freezing 
point  already  alluded  to  in  discussing  the  Jena  glass  is  too  lai^;  it 
may  amount  to  three  to  four  tenths  of  a  degree  when  the  thermometer 
la  raised  lOO'^.  Thus  the  results  of  any  given  comparison  depend  too 
much  on  the  immediate  past  history  of  the  tbermomitter  employed, 
and  it  is  almost  hopeless  to  construct  a  table  nccumte,  say,  to  0.01, 
which  will  give  the  difference  between  the  Kew  standard  and  the 
hydrogen  scale,  and  so  enable  the  results  of  former  works  in  which 
English  themionieters  were  used  to  be  expressed  in  standard  degrees. 

Vatna  of  corrfctitnu  to  tiie  English  giatu-iliermoiniier  koU  to  gice  leniperaluree  on  tlie  gas- 
Ihrrmomelfr  tcnlt  fiiund  by  rari'ive  otacrrere. 


This  is  illustrated  by  giving  the  differences  as  found  (1)  by  Rowland, 
(2)  by  Uuillaume,  (3)  by  Wiebe,  between  a  Kew  thermometer  and  the 
air  thermometer.  It  is  clearly  important  to  establish  in  England  a 
mercury  scale  of  temperatures  which  shall  be  comparable  with  the 
hydrogen  scale,  and  it  is  desirable  to  determine,  us  nearly  as  may  be, 
the  relation  between  this  and  the  existing  Kew  scale. 

I  am  glad  to  say  that  in  this  endeavor  we  have  secured  the  valuable 
cooperation  of  Mr.  Powell,  of  the  Whitcfriai-s  works,  and  that  the 
tirst  specimens  of  glass  he  has  submitted  to  us  bid  fair  to  compare 
well  with  the  16"'.  Another  branch  of  thermometry  at  which  there 
is  much  to  do  is  the  measurement  of  high  temperature.  Professor 
Callendar  has  explained  here  the  principles  of  the  resistance  ther- 
mometer, due  tirst  to  Sir  W.  Siemens.  Sir  W.  0.  Roberts- Austen 
has  shown  how  the  thermopile  of  Le  Ohatellier  may  be  used  for  the 
measurement  of  high  temperatures.  There  is  a  great  work  left  for 
the  man  who  can  introduce  these  or  similar  instruments  to  the  manu- 
factory and  tfae  forge,  or  who  can  improve  them  in  such  a  manner  as 
to  lender  tfacir  uses  more  simple  and  more  sure;  besides,  at  tempera- 
tures much  over  1,000'  C.  tfae  glaze  on  the  porcelain  tube  of  the 
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pyrometer  gives  way,  the  furnace  gases  get  ioto  the  wire  and  are 
absorbed,  and  the  indications  become  untrustworthy.  We  hope  it  may 
be  possible  to  utilize  the  silica  tubes,  shown  here  by  Mr.  Shenstone  a 
short  time  since,  in  a  manner  whicK  will  help  us  to  overcome  some  of 
these  difficulties.  Here  is  another  subject  of  investigation  for  which 
there  is  ample  scope. 

So  far  we  have  discussed  new  work,  but  there  is  much  to  be  done  in 
extending  a  class  of  work  which  has  gone  on  quietly  and  without  much 
show  for  many  years  at  the  Kew  Observatory. 

Thermometers  and  barometers,  wind  gauges  and  other  meteorolog- 
ical apparatus,  watches  and  chronometers,  and  many  other  instru- 
ments are  tested  there  in  great  numbers,  and  the  value  of  the  work  is 
undoubted.  The  competition  among  the  best  makers  for  the  tirst 
place,  the  best  watch  of  the  year,  is  most  striking,  and  affords  ample 
testimony  to  the  importance  of  the  work.  Work  of  this  class  we  pro- 
pose to  extend. 

Thus,  there  is  no  place  where  pressure  gauges  or  steam  indicators 
can  be  tested.  It  is  intended  to  take  up  this  work,  and  for  this  purpoae 
a  mercury-pressure  column  is  being  erected.  Bushy  House,  from  base- 
ment to  eaves,  is  about  55  feet  in  height.  We  hope  to  have  a  <^«lumn  of 
about  50  feet  in  height,  giving  a  pressure  of  about  20  atmospheres;  it 
is  too  little,  but  it  is  all  wc  t'un  do  with  our  present  building.  The 
necessary  pumps  are  licing  fitted  to  give  the  pressure,  and  we  shall 
have  a  lift  set  up  along  the  column  so  that  the  observer  can  easilj-  read 
the  height  of  the  mei"cury. 

This  column  will  serve  to  graduate  our  standard  gauges  up  to  20 
atmospheres;  above  that  we  may  for  the  present  have  recoui-se  to  some 
multiplying  device.  A  very  beautiful  one  is  used  at  the  Keichsanstalt 
and  by  Messrs  Scbaffer  and  Budenbcrg,  but  we  are  told  wc  must 
improve  on  this. 

Again,  there  ai-c  the  ordinary  gauges  in  use  in  nearly  every  engi- 
neering shop.  These  in  the  (irst  instance  have  protmbly  come  from 
Whitworth's,  or  nowadays,  I  fair,  from  Messrs.  Pratt  &  Whitney  or 
Brown  &  Siiarp,  of  America,  They  were  probably  veiy  accumte  when 
new,  but  they  wear,  and  it  is  only  in  comparatively  few  large  shops 
that  means  exist  for  measuring  the  error  and  for  determining  whether 
the  gauge  ought  to  be  rejected  or  not, 

Hen<'C  arise  difficulties  of  all  kinds.  Standardization  of  work  is 
impossible.  The  new  screw  sent  out  to  South  Africa  to  replace  one 
dam^^d  in  the  war  will  not  fit,  and  the  gun  is  usolc,^.  A  long  range 
of  steam  piping  is  wanted;  the  best  angle  pieces  and  unions  are  made 
by  a  firm  whose  screwing  tackle  differs  slightlj'  from  that  of  the  fac- 
tory where  the  pipes  were  ordered.  Delays  and  difficulties  of  all  kinds 
occur  which  ready  means  for  standardization  would  have  avoided. 
Here  is  scope  for  work  if  only  manufacturers  will  utilize  the  oppor- 
tunities we  hope  to  give  them. 
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Id  another  direction  a  wide  field  is  offered  in  the  calibration  and 
standardization  of  glass  measuring  vessels  of  all  kind^^flasks,  burettes, 
pipettes,  etc-. — used  by  chemists  and  others.  At  the  request  of  the 
board  of  agriculture  we  have  already  arranged  for  the  standardization 
of  the  glass  vessels  used  in  the  Babcock  method  of  measurini^  the  butter 
fat  in  milk,  and  in  a  few  months  many  of  these  have  passed  through  our 
hands.  We  are  now  being  ai^ked  to  armnge  for  testing  the  apparatu.s 
fortheGorber&Leffnian-Beam  methods,  and  this  we  have  promised  to 
do  when  we  ai"e  .settlexl  at  Bushy.  Telescopes,  opera  glasses,  sextant^, 
and  other  optimi  appliances  are  already  tested  at  Kew,  but  this  work 
can  and  will  be  extended.  Photographic  lenses  are  now  examined  by 
eye;  a  photographic  test  will  be  added,  and  I  trust  the  whole  may  be 
made  more  useful  to  photc^raphers. 

1  look  to  the  cooperation  of  the  Optical  Society  to  advise  how  we 
may  be  of  service  to  them  in  testing  spectacles,  microscope  lenses,  and 
the  like. 

The  magnetic  testing  of  specimens  of  iron  and  steel  again  offers  a 
fertile  field  for  inquiry. 

If  more  subjects  are  needed  it  is  sufficient  to  turn  over  the  pages  of 
the  evidence  given  before  Lord  Rayleigh's  commission  or  to  look  to 
the  repoits  which  have  been  prepared  by  various  bodies  of  experts 
for  the  executive  committee. 

In  electrical  matters  there  are  questions  relating  to  the  fundamental 
unit«  on  which,  in  Mr.  Trotter's  opinion,  we  may  help  the  officials  of  the 
boaitlof  trade — .'<tandards  of  capacity  are  wanted;  those  belonging  to 
the  British  Association  will  i>e  deposited  at  the  laboratory;  standards 
of  electron!^ net ic  induction  are  desii-able;  questions  continually  arise 
with  regard  to  new  forms  of  cells  other  than  the  standard  Clark  cell, 
and  in  a  host  of  other  ways  work  could  be  found.  Tests  on  insulation 
resistance  were  mentioned  by  Frefessor  Ayrton,  who  gave  the  result 
of  hi.s  own  experience.  He  had  asked  for  wire  having  a  certain  stand- 
ard of  insulation  resistance.  One  specimen  wils  eight  times  as  good  as 
the  specification;  another  had  only  one  one-hundred-thousandth  of  the 
reiiuired  insulation;  a  third  had  about  one  three-hundredth. 

Mr.  Appleyard  again  gave  some  interesting  examples,  the  examina- 
tion of  alloys  for  use  for  resistance  measurements  and  other  purposes, 
the  testing  of  various  insulating  materials,  and  the  like. 

I  have  gone  almost  too  much  into  detail.  It  has  lieen  my  wish  to 
state  in  general  terms  the  aims  of  the  laboratory,  to  make  the  advance 
of  physical  science  more  readily  available  for  the  needs  of  the  nation, 
and  then  to  illustrate  the  way  in  which  it  is  intended  to  attain  those 
aims.  1  trust  I  may  have  shown  that  the  National  Physical  Laboratory 
is  an  institution  which  may  deservedly  claim  the  cordial  support  of  all 
who  are  interested  In  real  progress. 
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By  Prof.  William  Hbrbkut  Hobrs. 


To  discover  the  origin  of  the  diamond  in  nature  we  must  seek  it  in 
its  ancestral  home,  where  the  rocky  matrix  gave  it  birth  in  the  form 
characteristic  of  it-»  Hpecies.  In  prasecuting  our  search  we  should  very 
Koon  discover  that,  in  common  with  other  gem  minerals,  the  diamond 
has  l»een  a  great  wanderer,  for  it  is  usually  found  far  from  ita  original 
home.  The  disintegrating  forcej^  of  the  atmosphere,  by  acting  upon  the 
rocky  material  in  which  the  stones  were  imbedded,  have  loosed  them  from 
their  natural  setting,  to  be  caught  up  by  the  streams,  sorted  from  their 
diHintegmted  matrix,  and  transported  far  from  the  parent  rock,  to  be 
at  last  set  down  upon  aome  gravelly  bed  over  which  the  force  of  the 
current  is  weakened.  The  mines  of  Urazil  and  the  Urals,  of  India, 
Borneo,  and  the  "river  diggings"  of  South  Africa  either  have  been 
or  are  now  in  deposits  of  this  character. 

The  "dry  diggings  "of  the  Kimberly  district,  in  South  Africa,  afford 
the  unique  locality  in  which  the  diamond  has  thus  far  been  found  in  its 
original  home,  and  all  our  knowledge  of  the  genesisof  the  mineral  had 
been  derived  from  study  of  thin  locality.  The  mines  are  located  in 
"pans,"  in  which  is  found  the  "blue  ground"  now  recognized  as  the 
disintegrated  matrix  of  the  diamond.  These  "  pans"  are  known  to  be 
the  "pipes,"  or  "necks,"  of  former  volcanoes,  now  deeply  dissected 
by  the  forces  of  the  atmosphere — in  fact,  worn  down  if  not  to  their 
roots,  at  least  to  their  stumps.  These  remnants  of  the  "pipes," 
through  which  the  lava  reached  the  surface,  are  surrounded  in  part  by 
a  black  shale  containing  a  large  perccnt4^e  of  carbon,  and  this  is 
believed  to  be  the  material  out  of  which  the  diamonds  have  been  formed. 
What  appear  to  be  modified  fragments  of  the  black  shale  inclosed 
within  the  "pipes"  afford  evidence  that  portions  of  the  shale  have 
been  broken  from  the  parent  beds  by  the  force  of  the  ascending  current 
of  lava — a  common  enough  accompaniment  to  volcanic  action — and  have 
been  profoundly  altered  by  the  high  temperature  and  the  extreme 
hydrostatic  pressure  under  which  the  mass  must  have  been  held.    The 
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iDOHt  important  feature  of  this  atterstion  ba^  been  the  rccrystalization 
of  the  carbon  of  the  shale  into  diamond. 

This  apparent  explanation  of  the  genesis  of  the  diamond  finds  strong 
support  in  the  experiments  of  Moissan,  who  obtained  artificial  diamond 
by  dissolving  carbon  in  molten  iron  and  immersing  the  ma.'^.s  in  cold 
water  until  a  firm  surface  crust  had  formed.  The  "chilled"  mass  was 
then  removed,  to  allow  it«  Mtill  molten  core  to  solidify  slowly.  This 
it  does  with  the  development  of  enormous  pressures,  because  the  nat- 
ural expansion  of  the  iron  on  passing  into  the  solid  condition  is  rtJsisted 
by  the  strong  shell  of  "chilled"  metal.  The  isolation  of  the  diamond 
was  then  accomplished  by  dissolving  the  iron  in  arid. 

The  prevailing  form  of  the  South  African  diamonds  is  that  of  a 
rounded  crystal,  with  eight  lai^e  and  a  number  of  minute  faces — a 
form  called  by  crystallc^raphers  a  "modified  octahedron."  Their 
shapes  would  be  roughly  simulated  by  the  pyramids  of  Egypt  if  they 
could  be  seen,  combined  with  their  reflected  images,  in  a  placid  lake, 
or,  better  to  meet  the  conditions  of  the  country,  in  a  desert  mirage. 
It  is  a  peculiar  property  of  diamond  crystals  to  have  convexly  rounded 
faces,  so  that  the  edges  which  separate  the  faces  are  not  straight,  hut 
gently  curving.  Less  frequently  in  the  African  mines,  but  commonly 
in  some  other  regions,  diamonds  are  bounded  by  4,  12,  24,  or  even  48 
faces.  These  must  not,  of  course,  be  confused  with  the  faces  of  cut 
stones,  which  are  the  product  of  the  lapidary's  art. 

Geological  conditions  remarkably  like  those  observed  at  the  Kim- 
berley  mines  have  recently  been  discovered  in  Kontuckj',  with  the 
difference  that  here  the  shales  contain  a  nmch  smaller  percentage  of 
carbon,  which  may  be  the  reason  that  diamonds  have  not  rewarded  the 
diligent  search  that  has  l>een  made  for  them. 

Though  now  found  in  the  greatest  abundance  in  South  Africa  and 
in  Brazil,  diamonds  were  formerly  obtained  from  India,  Borneo,  and 
from  the  Ural  Mountains  of  Uu3.sia.  The  great  stones  of  history 
have,  with  hardly  an  exception,  come  from  India,  though  in  recent 
years  a  number  of  diamond  monsters  have  l»een  found  in  South  Africa. 
One  of  these,  the  "Excelsior,"  weighed  970  camts,  which  is  in  excess 
even  of  the  supposed  weight  of  the  "Great  Mogul." 

Occasionally  diamonds  have  come  to  light  in  other  regions  than 
those  specified.  The  Piedmont  plateau,  at  the  southeastern  Imse  of 
the  Appalachians,  has  produced,  in  the  region  between  southern  Vir- 
ginia and  Geoi^ia,  some  10  or  12  diamonds,  which  have  varied  in 
weight  from  those  of  2  or  3  carats  to  the  "Dewey"  diamond,  which 
when  found  weighed  over  23  carats. 

It  is,  however,  in  the  territory  about  the  Great  Lakes  that  the 
greatest  interest  now  centers,  for  in  this  region  a  very  interesting 
problem  of  origin  is  being  worked  out.  No  less  than  7  diamonds, 
ranging  in  size  from  less  than  4  to  more  than  21  carats,  not  to  men- 
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tion  a  number  of  mimllcr  stoiien,  havi^  Wvn  recently  found  in  the  iluys 
and  gravels  of  this  region,  where  their  distribution  was  such  as  to 
indicate  with  a  degree  of  appi'oxiniation  the  location  of  their  distant 
ancestral  home. 

In  order  clearly  to  set  forth  the  nature  of  this  problem  and  the 
method  of  its  solution  it  will  l>c  necessary,  first,  to  plot  upon  a  map 
of  the  lake  region  the  locality  at  which  each  of  the  stones  has  been 
found,  and,  further,  to  enter  upon  the  same  map  the  data  which  geolo- 
gists have  gleaned  regarding  the  work  of  the  great  ice  cap  of  the 
Glacial  period.  During  this  period,  not  remote  as  geological  time  is 
reckoned,  an  ice  mantle  croveied  the  entire  northea-stern  portion  of  our 
continent,  and  on  more  than  one  occasion  it  inva<ied  for  considerable 
distances  the  territory  of  the  United  States.  Such  a  map  tm  has  been 
described  discloses  an  important  fact  which  holds  the  clew  foi'  the 
detection  of  the  ancestral  home  of  these  diamonds.  Each  year  is 
bringing  with  it  new  evidence,  and  we  may  look  forward  hopefully  to 
a  full  solution  of  the  problem. 

In  1883  the  "  Eagle  Stone"  (PI.  II)  was  brought  to  Milwaukee  and 
sold  for  the  nominal  sum  of  $L.  When  it  was  stibmitt4.>d  to  competent 
examination  the  public  learned  that  it  was  a  diamond  of  16  carats 
weight,  and  that  it  had  been  discovered  seven  years  cailier  in  earth 
removed  from  a  well  opening.  Two  events  which  were  calculated  to 
arouse  local  interest  f<illowed  directly  upon  the  discovery  of  the  iTjil 
nature  of  this  gem,  after  which  it  passed  out  of  the  public  notice. 
The  woman  who  had  parted  with  the  gem  for  so  inadetjuate  a  compen- 
sation brought  suit  against  the  jeweler  to  whom  she  had  sold  it,  in 
Older  to  lei-over  its  value.  This  curious  litigation,  which  naturally 
ai"oused  a  great  deal  of  interest,  was  finally  carried  to  the  supreme 
court  of  the  State  of  Wisconsin,  from  which  a  decision  was  handed 
down  in  favor  of  the  defendant,  on  the  ground  that  he,  no  less  than 
the  plaintiff,  had  been  ignorant  of  the  value  of  the  gem  at  the  time  of 
purchasing  it.  The  other  event  was  the  "boom"  of  the  town  of 
Eagle  as  a  diamond  center,  which,  after  the  finding  of  two  other  dia- 
monds with  unmistakable  marks  of  African  origin  ui>on  them,  ended 
as  suddenly  as  it  had  Iwgun,  with  the  effect  of  teniiK>raii ly  discredit- 
ing, in  the  minds  of  geologists,  the  genuineness  of  the  original 
"find." 

Ten  yeaiN  later  a  white  diamond  of  a  little  less  than  4  carats  weight 
came  to  light  in  a  collwtion  of  pebbles  found  in  Oregon,  Wis.  (PI.  II), 
and  brought  to  the  writer  for  examination.  The  stones  had  been  found 
by  a  farmer's  lad  while  playing  in  a  clay  Iwnk  near  his  home.  The 
investigation  of  the  .subject  which  was  thereujxin  made  brought  out 
the  fact  that  a  third  diamond,  and  this  the  largest  of  all,  had  lieen  dis- 
covered at  Kohlsville,  in  the  same  State,  in  1K,S3.  and  was  still  in  the 
possession  of  the  family  on  whose  pro|>erty  it  had  been  found. 
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As  these  stones  wei"e  found  in  the  depositf^  of  *'drift"  which  were 
left  by  the  ice  of  the  Glacial  period,  it  was  clear  that  they  had  )>een 
brought  to  their  restiug  places  by  the  ice  itself.  The  map  reveals  the 
additional  fact,  and  one  of  the  greatest  significance,  that  all  these  dia- 
monds were  found  in  the  so-called  "kettle  moraine."  This  moraine  or 
ridge  was  the  dumping  gi-ound  of  the  ice  for  its  burden  of  lx>wlders, 
gravel,  and  clay  at  the  time  of  its  lat«r  invasion,  and  hence  indicates 
the  boundaries  of  the  territory  over  which  the  ice  mass  was  then 
extended.  In  view  of  the  fact  that  two  of  the  three  stones  foimd  had 
remained  in  the  hands  of  the  farming  population,  without  coming  to 
the  knowledge  of  the  world,  for  periods  of  eleven  and  seven  yeai-s, 
respectively,  it  seetns  most  probable  that  others  have  been  found, 
though  not  identified  as  diamonds,  and  for  this  reason  are  doubtless 
still  to  i>e  found  in  many  ca-sea  in  association  with  other  local  "curioN" 
on  the  clock  shelves  of  country  farmhouses  in  the  vicinity  of  the 
"kettle  momine."  The  writer  felt  warranted  in  predicting,  in  18!*i, 
that  other  diamonds  would  occasionally  be  bi-ought  to  light  in  the 
"kettle  momine,"  though  the  great  extent  of  this  momine  left  little 
room  for  hope  that  more  than  one  or  two  would  be  found  at  any  one 
point  of  it. 

In  the  time  that  has  since  elapsed,  diamonds  have  been  found  at  the 
rate  of  about  one  a  year,  though  not,  so  far  as  I  am  aware,  in  any  case 
as  the  result  of  search.  In  Wisconsin  have  been  found  the  Saukville 
diamond  (PI.  Ill),  a  beautiful  white  stone  of  6  carats  weight,  and  also 
the  Burlington  stone,  having  a  weight  of  a  little  over  3  carats  (PI.  III). 
The  former  had  been  for  more  than  sixteen  yeai-s  in  the  possession  of 
the  tinder  before  he  learned  of  its  value.  In  Michigan  has  been  found 
the  Dowagiac  stone  of  ahout  11  carat-i  weight,  and  only  very  retrently  a 
diamond  weighing  (i  carats  and  of  exceptionally  fine  "  water"  has  come 
to  light  at  Milford,  near  Cincinnati  (PI.  III).  This  augmentation  of 
thenumberof  localities  and  the  nearness  of  all  to  the  "kettle  momines" 
leaves  little  TOoni  for  doubt  that  the  diamonds  were  conveyed  liy  the 
ice  at  the  time  of  its  later  invasion  of  the  country. 

Having,  then,  arrived  at  a  satisfactory  conclusion  regarding  not  only 
the  agent  which  conveyed  the  stones,  but  also  respecting  the  period 
during  which  they  were  transported,  it  is  pertinent  to  inquire  by  what 
paths  they  were  brought  to  their  adopted  homes,  and  whether,  if  these 
may  be  definitely  charted,  it  may  not  be  possible  to  follow  them  in  a 
direction  the  reverse  of  that  taken  by  the  diamonds  themselves  until 
we  arrive  at  the  point  from  which  each  diamond  started  upon  its  jour- 
ney. If  we  succeed  in  this,  we  shall  learn  whether  they  have  a  common 
home,  or  whether  they  were  formed  in  regions  moie  or  less  widely 
separated.  From  the  gi-eat  rarity  of  diamonds  in  nature  it  would  seem 
that  the  hypothesis  of  a  common  home  is  the  more  prolwble,  and  this 
view  finds  confirmation  in  the  fact  that  certain  marksof  "consanguin- 
ity" have  been  observed  upon  the  stones  already  found. 
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Not  only  did  thp  ioe  niantlt^  register  its  advance  in  the  great  ridge 
of  morainic  material  which  we  know  as  the  "  kettle  moraine,"  but  it 
has  engraved  upon  the  ledgen  of  rock  over  which  it  has  ridden,  in  a 
simple  language  of  lines  and  grooves,  the  direction  of  its  movement, 
after  first  having  planed  away  the  disintegrated  portions  of  the  rock 
to  HCfure  11  smooth  and  lawti  ng  surface.  As  the  same  ledges  have  been 
overridden  more  than  on™,  and  at  intervals  widely  separated,  they  are 
often  found,  palinipsestlike,  with  recent  characters  superimposed  upon 
eariier,  partly  eflfa*;ed,  and  nearly  illegible  ones.  Many  of  the  scat- 
tered leaves  of  this  re<'ord  have,  however,  been  copied  by  geologists, 
and  the  autobiography  of  the  ice  is  now  read  from  maps  which  give 
the  dii'ection  of  its  flow,  and  allow  the  motion  of  the  ice  as  a  whole,  aa 
well  as  that  of  each  of  its  parts,  to  be  satisfactorily  studied.  Recent 
studies  by  Canadian  geologists  have  shown  that  one  of  the  highest 
summits  of  the  ice  cap  must  have  been  located  some  distance  west  of 
Hudson  Bay,  and  that  another,  the  one  which  glaciated  the  lake  region, 
was  in  Labrador,  to  the  cast  of  the  same  body  of  water.  From  these 
points  the  ice  moved  in  spreading  fans  both  northward  toward  the 
Arctic  Ocean  and  .southward  toward  the  States,  and  always  approached 
the  margins  at  the  moraines  in  a  direction  at  right  angles  to  their 
extent.  Thus  the  rock  material  transported  by  the  ice  was  spread 
out  in  a  great  fan,  which  constantly  extended  its  boundaries  as  it 
advanced. 

The  evidence  from  the  Oregon,  Eagle,  and  Koblsville  stones,  which 
were  located  on  the  moraine  of  the  Green  Bay  glacier,  is  that  their 
home,  in  case  they  had  a  common  one,  is  between  the  northeastern 
corner  of  the  State  of  Wisconsin  and  the  eastern  summit  of  the  ice 
mantle — a  narrow  strip  of  country  of  great  extent,  but  yet  a  first 
approximation  of  the  greatest  value.  If  we  assume,  further,  that  the 
Saukville,  Burlington,  and  Dowagiac  stones,  which  were  found  on  the 
moraine  of  the  Ijake  Michigan  glacier,  have  the  same  derivation,  their 
common  home  may  confidently  be  placed  as  far  to  the  northeast  as  the 
wilderness  beyond  the  Gi-eat  Lakes,  since  the  Green  Bay  and  Ijake 
Michigan  glaciers  coalesced  in  that  region.  The  small  stones  found  at 
Plum  Creek,  Wisconsin,  and  the  Cincinnati  stone.  If  the  locations  of 
their  discovery  be  taken  into  consideration,  still  further  circumscribe 
the  diamond's  home  territory,  since  the  lolies  of  the  ice  mass  which 
transported  them  made  a  complete  junction  with  the  Green  Bay  and 
Lake  Michigan  lobes  or  glaciers  considerably  farther  to  the  northward 
than  the  point  of  union  of  the  latter  glaciers  themselves. 

If,  therefore,  it  is  assumed  that  all  the  stones  which  have  been 
found  have  a  common  origin,  the  conclusion  is  inevitable  that  the 
ancestral  home  must  be  in  the  wilderness  of  Canada  between  the  points 
where  the  several  tracks  marking  their  migrations  converge  upon  one 
another,  and  the  former  summit  of  the  ice  sheet.     The  broader  the 
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"fan"  of  their  distrilvition  the  nearer  to  the  latter  must  the  point  be 
l<K»ted. 

It  in  by  DO  means  improbable  that  when  the  barren  territory  about 
Hudson  Bay  is  thoroughly  explored  a  region  for  profitable  diamond 
mining  may  be  revealed,  but  in  the  meantime  we  may  be  sure  that 
individual  stones  wilt  occasionally  befound  in  the  new  American  hornet 
into  which  they  were  imported  long  >>efore  the  days  of  tariffs  and  poits 
of  entry.  Mother  nature,  not  content  with  lavishing  upon  our  favored 
nation  the  boundless  ti'e.asures  locked  up  in  her  mountains,  has  robbed 
the  territory  of  our  Canadian  t'oui^ins  of  the  rich  iioils  which  she  has 
unloaded  upon  our  lake  States,  and  of  the  diamonds  with  which  she 
has  sowed  them. 

The  range  of  the  present  distribution  of  the  diamonds,  while  per- 
haps not  limited  exclusively  to  the  "kettle  moraine,''  will,  as  the 
events  have  indicated,  be  in  the  main  confined  to  it.  This  moraine, 
with  its  numerous  .subordinate  ranges  marking  halting  places  in  the 
final  retreat  of  the  ice,  has  now  been  located  with  sufficient  accuracy 
by  the  geologists  of  the  United  States  (ieological  Survey  and  others, 
approximately,  as  entered  upon  the  accompanying  map.  Within  the 
territory  of  the  United  States  the  large 
number  of  observations  of  the  rock  scor- 
ings makes  it  clear  that  the  ice  of  each 
lobe  or  glacier  moved  from  the  central 
portion  toward  the  mai^inal  moraines, 
which  are  here  indicated  by  dotted  bands. 
I-  ^„^„  <^™  f„.  _„;.„.  1  In  the  wilderness  of  Canada  the  observa- 
tions  have  been  rare,  but  the  few  data 
which  have  been  gleaned  are  there  i-epresented  by  arrows  pointed  in 
the  direction  of  ice  movement. 

There  is  every  encouragement  for  persons  who  reside  in  or  near  the 
marginal  moraines  to  seart^h  in  them  for  the  scattered  jewels,  which 
may  be  easily  identified  and  which  have  a  large  commercial  as  well  as 
scientific  value. 

The  Wisconsin  geological  and  natural  history  sur\'ey  is  now  interest- 
ing itself  in  the  problem  of  the  diamonds,  and  has  undertaken  the  task 
of  disseminating  information  l>earing  on  the  subject  to  the  people  who 
reside  near  the  "  kettle  moraine."  With  the  cooperation  of  a  number 
of  mineralogists  who  I'eside  near  this  "  diamond  belt,"  it  offers  to  make 
examination  of  the  supposed  gem  stones  which  may  be  collected. 

The  success  of  this  undertaking  will  depend  upon  securing  the 
cooperation  of  the  people  of  the  morainal  belt.  Wherever  gravel 
ridges  have  there  been  o|>cned  in  cuts  it  would  be  advisable  to  look  for 
diamonds.  Children  in  particular,  because  of  their  keen  eyes  and 
abundant  leisure,  should  be  encouraged  to  search  for  the  clear  stones. 
The  serious  defect  in  this  plan  is  that  it  trusts  to  inexperienced  per- 
sons to  discover  the  buried  diamonds,  which  in  the  "  rough"  areprob- 
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ably  uolike  anything  that  they  have  ever  seen.  The  first  result  of  the 
search  has  been  the  collci-tion  of  large  numbers  of  quartz  pebbles, 
which  are  everywhere  present,  but  which  are  entirely  valueless.  There 
are,  however,  some  simple  ways  of  distinguishing  diamonds  from 
quarts. 

Maimmds  never  appear  in  thoroughly  rounded  foniis,  like  ordinary 
pebbles,  for  they  are  too  hard  to  be  in  the  least  degree  worn  by  con- 
tact with  their  neighbors  in  the  gravel  lied.  Diamonds  always  show, 
moreover,  distinct  forms  of  crystals,  and  these  generally  Ix^r  some 
resemblance  to  one  of  the  forms  figured.  They  are  never  in  the  lea.st 
degree  like  cry-stals  of  quartz,  which  are,  however,  the  ones  most  fre- 
quently confounded  with  them.  Most  of  the  Wisconsin  diamonds 
have  either  12  or  48  faces.  Crystals  of  most  minenils  are  bounded 
by  plane  surfaces — that  is  to  .^y,  their  faces  are  flat;  the  diamond, 
however,  is  inclosed  by  distinctlj-  curving 
surfaces. 

The  one  property  of  tbo  diamond,  however, 
which  makes  it  tasy  of  determination  is  its 
extraordinary  hardness — greater  than  that  of 
any  other  mineral.  Put  in  simple  language, 
the  hardness  of  a  substaix'c  may  be  described 
as  itj  power  to  sci-atch  other  substances  when 
drawn  across  them  under  pressure.  To  com- 
pare the  hardness  of  two  substances  wi, 
should  draw  a  sharp  point  of  one  across  a  sur- 
face of  the  other  under  a  pre.ssure  of  the 
fingers,  and  note  whether  a  permanent  scratch 
is  left.  The  harder  substances  will  always 
scratch  thesoftt^r,  and  if  both  have  the  same 

hanlness  they  ntay  l>e  made  to  nmtually  scratch  each  other.  Since 
diamond,  sapphire,  and  ruby  arc  the  only  minerals  which  are  harder 
than  emery,  thej'  arc  the  only  ones  which,  when  drawn  across  a  rough 
emery  surface,  will  not  receive  a  scratch.  Any  stone  which  will  not 
take  a  scratch  from  emery  is  a  gem  stone  and  of  sufficient  interest  to 
be  referred  to  a  competent  mineralogist. 

The  dissemination  of  information  regarding  the  lake  diamonds 
through  the  region  of  the  moraine  should  serve  the  twofold  puipose 
of  encour^ing  seaix'h  for  the  buried  stones  and  of  discovering  dia- 
monds in  the  little  collections  of  "lucky  .stones"  and  local  curios 
which  a»-umulate  on  the  cloi'k  shelves  of  country  faimhouses.  When 
it  is  considered  that  three  of  the  largest  diamonds  thus  far  found  in 
the  region  remained  for  periods  of  seven,  eiglit.  and  ^sixteen  years, 
respectively,  in  the  hands  of  the  farming  population,  it  can  hardly  be 
doubted  that  many  other  diamonds  have  been  found  and  preserved  as 
local  curiosities  without  their  real  nature  being  discovered. 
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If  diamonds  should  be  discovered  in  the  moraines  of  eastern  Ohio, 
of  western  Pennsylvania,  or  of  western  New  York,  considerable  light 
would  thereby  be  thrown  upon  the  problem  of  locating  the  ance-stral 
home.  More  important  than  this,  however,  is  the  mapping  of  the 
Canadian  wilderness  to  the  southeastward  and  eastward  of  James  Bay, 
in  order  to  determine  the  direction  of  ice  movement  within  the  region, 
so  that  the  tracking  of  the  stones  already  found  may  be  carried  nearer 
their  home.  The  director  of  the  geological  survey  of  Canada  is  giving 
attention  to  this  matter,  and  has  abo  suggested  that  a  study  be  made 
of  the  material  found  in  association  with  the  diamonds  in  the  moraine, 
so  that  if  possible  its  source  may  be  discovered. 

With  the  discovery  of  new  localities  of  these  emigrant  stones  and 
the  collection  of  data  regarding  the  movement  of  the  ice  over  Canadian 
territory,  it  will  perhaps  be  possible  the  more  accurately  and  definitely 
to  circumscribe  their  home  country,  and  as  itj  boundaries  are  drawn 
closer  and  closer  to  pay  this  popular  jewel  a  visit  in  its  ancestral  home, 
there  to  learn  what  we  so  much  desire  to  know  regarding  its  genesis 
and  its  life  history. 
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A  little  more  than  a  I'entuiy  ago  the  icy  watei-«  of  Bering  Sea  were 
violently  distui-l>ed,  and,  in  a  tumult  of  thunder,  earthquake,  and  steam, 
a  volcanic  island  was  thruat  up  from  the  deep;  and  again,  in  the  siuii- 
iner  of  1883,  the  watere  were  once  more  convulsed,  and,  shrouded  in 
steam  and  fog,  a  companion  volcano  was  born. 

The  advent  of  the  new  volcano  iseenw  to  have  escaped  observation, 
Imt  the  terrific  disturltances  attending  the  upheaval  of  Old  Bogoslof 
were  witnessed  by  native  AteutM  and  by  a  Russian  named  Kriukof, 
resident  agent  of  the  Rusptian- American  Company  at  Unalaska,  who  at 
the  time  chanct-d  to  Iw  on  the  nearest  part  of  the  adjacent  island  of 
Umnak. 

Kriukof  re|K>rted  that  on  May  7,  1796,  a  storm  from  the  noi-thwest 
cut  off  the  outlook  seaward,  but  the  following  day,  when  the  weather 
had  cleai'ed,  a  column  of  smoke  was  seen,  followed  by  the  appearance 
of  a  black  object.  During  the  night  fire  arose  in  this  place,  at  times 
so  bright  that  every  object  on  the  island  could  be  clearly  distinguished. 
An  earthquake  followed,  accompanied  by  a  terrific  roaring,  which 
seemed  to  come  from  the  mountains  to  the  south,  and  the  rismg  island 
twice  hurled  stones  as  far  as  Umnak,  a  distance  of  30  miles. 
-  In  ISOti  Langsdorf  passed  near  it  at  sea,  and  said  of  it:  "The  center 
point  has  on  every  side  the  appearance  of  a  pillar  and  seems  entirely 
perpendicular.  On  the  northwest  side  are  four  rounded  summits, 
which  ri.se  one  above  the  other  like  steps." 

The  new  island  continued  to  grow,  and  in  1817  its  circumference 
was  estiiiiated  at  2^  miles,  its  height  at  350  feet,  and  for  3  miles 
around  the  sea  was  covcre<l  with  floating  stones  (pumice).  By  the 
,\leuts  it  was  called  Agashagok;  by  the  Russians,  Joanna  Bogoslova, 
lifter  St.  John  the  Theologian. 

In  1832  it  was  described  by  Tebenkof  as  about  1,600  feet  in  altitude, 
roughly  pyramidal  in  form,  the  sides  covered  with  sharp  cr^s,  which 
thi-eatencd  to  fall  at  any  moment.     At  this  date  (1832)  Tebenkof  made 

•Abstract  by  author  of  article  in  Harriman  Alaska  Kipedition,  Vol.  ]I,  pp.  291- 
Xm,  October,  I90I.  New  York:  Doubleday,  Page  &  Co.  By  permiseioa  of  K.  H. 
Harriman. 
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a  rough  sketch  {fig.  1;  uriginally  publishi-d  in  Liitke's  Atlft''  in  l-SSG^, 
which,  30  far  as  I  have  l>eoii  ahlo  to  ascortani.  is  the  liivt  fik u hf ■fiht'd 
figure  of  the  island;  no  others  appear  to  have  l)eeii  drawn  un  til    IS?-** 


Pio.  1.— Tebeakol  a  iketch  ot  Bogoelof  and  Ship  Ruck  lii  IflXi.    Fmm  thcHiult 

when  Dall  made  six  outline  sketches  from  different  ixtsitions. 
these,  from  essentially  the  same  point  of  view  a.s  TelH^nkors 
reproduced  for  comparison   (fig.   2).     It  shows  how   the  isl. 


4P--^-  — 


shortened,  and  how  the  elevattnl  central  peak  had  weathcM-od  Bnd  dis- 
integratoii  until  it  was  hardly  higher  than  the  northwc-it  end  which 
end  had  suffered  most  from  the  inroads  of  the  sea. 


In  1887,  according  to'  Greenfield,  the  northwest  [wak  wiis  (.|-«wnorf 
by  a  slender  pinnacle,  which,  in  1891,  the  ilate  of  my  first  vi^^^i  ^*>\ 
fallen.     In  the  latter  year  this  peak  was  a  huge,  bluntly  rounded     li*'"*'' 
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lower  than  the  middle  peak,  and  the  depi'essiori  betwcnii  the  two  had 
become  a  long,  deeply  excavated  saddle  (lig.  3). 

The  illustrations  already  given  show  the  island  from  the  »ide,  and 
give  a  false  impression  of  its  stability  and  form.     When  -een  "end 
on,"  it  appears  as  a  narrow-crested  ridge.     It 
was  described  by  Dall  in  1873  as  "a  sharp,  ser- 
rated ridge,  about  860  feet  in  height,  very  nar- 
row, the  sides  meeting  above  in  u  very  acute 
angle,  where  they  are  bi-oken  into  a  number  of 
inaccessible  pinnacles"  (fig.  i).     This  extreme 
narrowness  has,  of  course,  materially  hastened       ';^tZ'u^». — "" '"  ""' 
the  disintegration  of  the   upper  part  of   the 

volcano.  Some  idea  of  the  loss  between  1873  and  1890  may  be  had 
by  comparing  Dall's  sketch  (fig.  4)  with  a  photograph  taken  by  the 
Albatross  in  1890  (fig.  5). 

When  the  Harriman  expedition  visited  Bogoslof  on  the  evening  of 
July  8,  1899.  fog  rested  so  heavily  on  the  summit  that  the  form  of  the 


n.    From  photu  Uy  U.  S,  Flab  Commlnlon. 

two  highest  peaks  could  not  be  completely  made  out,  but  the  "lowness 
of  the  ridge  as  a  whole,  the  small  size  of  the  northwest  peak,  and  the 
depth  of  the  notch  separating  it  from  the  rest  of  the  mass,  told  too 
plainly  of  the  rapidity  with  which  the  destruction  is  going  on  and 
foreshadowed  the  eventual  downfall  of  the  peaks. 

NEW    B0008L0F  OU  ORBWINGK.' 

The  towering  cliffs  of  Old  Bogoslof  no  longer  battle  alone  with  the 
angry  storms  of  Bering  Sea,  for  close  at  hand  a  new  island  has  risen. 
Ita  birth  was  not  witnessed  by  human  eye;  no  earthquake  shock 
marked  its  advent,  and  the  date  of  its  upheaval  may  never  be  known. 
It  was  first  seen  by  Captain  Anderson  of  the  schooner  Matthew  Turner, 
on  September  27,  1883,  and  was  then  in  active  eruption,  throwing  out 
large  masses  of  heated  roi-k  and  great  volumes  of  smoke,  steam,  and 
ashes,  which  came  from  the  apex  and  from  numerous  Assures  on  the 
sides  and  base,  some  of  which  were  below  the  surface  of  the  sea. 


■Captain  Hague  suggested  for  the  new  inlet  thu  name  "New  BogoBlof,"  and  Dall, 
in  an  article  pubHehetl  in  Science  in  January,  1884,  proposed  that  it  be  named 
"  (irewingk,"  in  honor  of  the  Kussian  Grewingk,  who,  in  1850,  publishe<l  an  ini{ior- 
tant  compilation  of  the  various  early  accountB  relating  to  Old  Bogoaiof.     .^ 
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Ijiifrt!  i(Rkw  were  whot  high  in  the  air,  and  falling  back  into  the  water 
sent  forth  steam  iind  a  hissing  sound.  After  nightfall,  the  vessel 
being  then  alwut  25  miles  to  windward,  fire  waa  observed  on  the  island. 
A  month  later  {October  27)  Captain  Hague  of  the  schooner  I><>ra 
approached  within  a  mile,  passing  through  a  sti-eak  of  red  water  and 
then  into  a  streak  of  green  water  He  is  quoted  as  saying  that  black 
smoke  I  ke  that  f  on  I  urn  ng  tar  was  ssu  g  f  om  the  ol »  o  that 
it  threw  o  t  flame  moke  and  red  hot  rocks  and  that  among  the  sea 
lions  obser\  d  near  bj  were  a  nu  ber  wh  ch  had  been  scalded  so  that 
the  ha     had  come  off      He  th  nks     anj  were  k  lied 


? 


'  ^^2  ^:- .. 


Fin.  G.— Nfw  «i>gi»loI  ill  Bt[.k™l)pr  and  0.^1i>ber  18R3,    Pniwii  bj-   I'rol.  UtofSf  Davidson  Irom 
di-ncriplions  by  CHpUiiis  Andoreon  aiKl  Uegiiv. 

A  short  time  afterwards  Ixith  avpt«ins  returned  to  San  Francisco, 
where  they  communicated  their  observations  to  Prof.  George  David- 
son, of  the  U.  S.  Coa.'it  Survey,  who  published  a  brief  account  m 
Science.  They  approached  the  island  from  opposite  directions,  passed 
close  to  it,  and  saw  it  from  all  sides.  They  agreed  that  the  new  island 
was  larger  than  the  old,  from  which  it  was  distant  about  half  a  mile; 
that  it  rose  precipitously  from  the  sea  with  very  steep  sides;  that 
great  steam  jeLs  poured  out  around  the  base;  that  the  summit  was 
hidden  by  fog  or  clouds  of  steam,  and  that  its  height  was  somewhere 
between  800  and  1.200  feet.  From  their  descriptions  Professor  David- 
son made  the  accompanying  drawing  (fig.  6). 
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On  October  ^'.  l>>i3,  between  the  vUiLs  of  Ca|»tains  AiKl*'rs«m  an^ 
Hmgae,  a  sbower  of  fine  vuk-anic  asheis  or  dust  fell  at  I'naktska.  (X>n- 
cerning  whkfa  tbe  signal  ohc>en'er  ibore  reported:  "At  :i.:>*>  y^  iii.  ibe 
air  became  suditenlv  darkened  like  nigfat.  and  Mtt>n  after  a  sbi'wer  of 
mixed  sand  and  water  fell  for  about  ten  minutes.  (-Mvering  the  griHiitd 
with  a  thin  bijer.  Tbe  windows  were  so  iwervd  that  it  was  iiii|xis- 
sible  to  see  through  thein.~  Another  erewitne^  sIsIihI  that  a  niiiark- 
able  bWk  cloud  appeared  in  the  north  and  i^ion  oversprvai)  the  vitliiv 
heavens,  settling  down  verj-  low  and  initting  off  the  lijrht  of  ihe  sun. 
It  finally  bn>ke  and  disappeared  in  a  ^shower  of  ashes. 

The  first  landing  on  the  new  volcano,  so  far  as  known,  was  niado 
nine  months  after  its  discoverv.  by  the  offiwrs  of  the  revenue  stwiuKT 
G/nein,  Capt.  >L  A.  Healy.  on  May  il,  1SS4.  The  n'jwrt  twi  this 
visit,  written  mainly  by  Lieut  .1.  C.  Cantwell,  stales  that  th»*  height 
of  the  new  volcano  was  about  600  feet:  that  its  upper  third  was  cleft 
by  a  great  figure  or  crater,  the  interior  of  which  i-oiUd  not  Ih»  reaehwi 
or  seen,  owing  to  the  hcat^  steam,  and  fumes  of  sul^ihur;  that  steam 
issued  not  only  from  the  crater,  Itut  also  and  with  grwit  violcnw  froHi 


rent3  or  areas  in  the  sides  of  tbe  cone;  that  the  nuniei'ous  steam  vents 
were  lined  with  thick  deposits  of  sulphur,  and  the  osi-aping  steam  wtLs 
suffocating;  that  the  volcano  was  covered  with  a  thin  layer  of  ashes, 
the  surface  of  which,  from  the  action  of  ™iii,  hail  iK'cn  converted  into 
a  crust  over  which  the  party  found  great  difticulty  in  climbing,  bivak- 
ing  through  and  sinking  anklc-doep  to  knce-deop  into  an  almost  im|»al- 
pable  dust  which  rose  in  clouds  niul  nearly  suffoctited  thoni. 

At  this  time  the  old  and  new  volcancH's  wero  connected  by  a  broad 
bar  or  spit  (shown  in  Lieutenant  Doty's  pliotogmph,  PI.  I,  und  in 
Cantwell's  chart,  PI.  Ill,  fig.  1),  from  which,  near  the  Imse  of  tiie  new 
volcano,  rose  a  tower-like  roek  87  feet  in  height.  Ktirnaeles  and 
water-marks  on  this  rock,  20  feet  or  more  ttl>ove  soa  level,  iiKlicated 
recent  elevation. 

A  week  after  the  visit  of  the  Curwln  (May  21,  18S4)  Lieut,  (ieorgo 
M.  Stoney,  of  the  Navy,  arrived  at  Bogoslof  and  spent  thi-ee.  days  in 
taking  soundings.  Many  earthquake  shocks  were  felt  on  the  schtmner 
as  it  lay  at  anchor,  and  Lieutenant  Stoney  states  that  otico,  when 
climbing  the  volcano,  "a  most  sensible  vibration  of  the  whole  nmss 
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took  place;  rumMiiig  sounds  nnd  a  dull  roar,  similar  to  the  discharge 
of  distant  cannon,  were  heard  at  intervals;  and  though  flamefi  were 
seen  only  upon  two  occasions,  yet  this  is  l>elieved  to  have  been  due  to 
the  little  darkness  of  the  season  at  that  latitude." 

In  September  of  the  following  year  (1885)  the  Citrwin.  paid  another 
visit  to  the  island,  and  on  leaving  in  the  evening  witnessed  a  most 
extmordinary  spectacle.  The  summit  of  the  volcano  was  enveloped 
in  a  bright  sulphurous  light,  whioh  hurst  from  long  rifts  tn  its  side 
and  shone  out  against  the  black  sky  in  the  background,  a  striking  and 
impressive  display. 

In  1890,  when  seen  by  the  ^i/Af/Mw/i,  the  islands  were  still  connected 
by  the  gravel  bar  or  isthmus,  and  their  collective  length  was  estimated 
at  a  mile  and  a  quarter  (fig.  S). 

The  following  year,  1891,  it  was  my  good  fortune  to  visit  the  vol- 
cano. {Returning  from  the  Sea)  Islands,  which  we  left  on  the  evening 
of  August  1(1,  on  board  they|/A((/*v«(«,  we  made  direct  for  the  volcanoes. 
The  night  was  densely  foggy,  as  usual  in  Bering  Sea  in  summer,  and 


Fio,  ».— The  uldaiidiiuw  volraiiots  In  1S90,  frcjtn  iho  wuthwesl  (being  N.|  E.),    From  pholograph 
by  U.S.  KlshCoiDinlsiloTi. 

.  the  early  morning  l)rouglit  no  change.  The  ship  was  feeling  her  way 
cautiously,  with  no  land  in  sight,  when  suddenly,  al)out  7  o'clock,  the 
fog  lifted,  and  we  saw  directly  ahead,  and  hardly  a  mile  away,  the  bold 
front  of  the  new  volcano.  It  was  with  a  thrill  of  excitement  that  we 
saw  the  precipitous  cliffs  of  the  northern  end  break  through  the  fog, 
and  heard  the  ficrcerush  of  escaping  steam,  whose  roar,  when  the 
engines  stopped,  drowned  all  other  noises,  not  excepting  the  cries  of 
ihe  myriads  of  sea  birds  which  swarmed  about  the  rocks  like  liees  about 
a  hive.  A  little  farther  away,  and  somewhat  to  the  left.  Old  Bogoslof 
soon  came  into  view.  The  relations  of  the  two  are  shown  in  the  accom- 
panying reproduction  of  a  photograph  (PI,  II)  taken  by  me  from  the 
deck  of  the  steanuM-.  The  l>ar  or  i.«thnius  which  from  1884  to  1890 
connected  the  two  islands  had  disappeared.  From  Old  Bogoslof  an 
entirely  new  and  very  long  spit  had  formed  on  the  west  side,  and  ex- 
tended westerly  for  about  a  mile,  leaving  an  open  channel  a  quarter  of 
a  mile  wide  between  the  two  islands  (chart,  PI.  Ill,  fig.  2). 
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RouQH  Charts  of  Boooslof  islands,  showinci  PoeiTioN8«e()(>'^lc 
Bars  in  1884,  1B91,  and  1S9S.  <-' 
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The  new  volcano  was  enveloped  in  .steam,  which  issued  from  thou- 
sands of  small  ci'acks  and  cmnnics  and  poured  in  vast  clouds  from 
a  few  great  ti^surc^  and  crater-like  openings,  the  principal  of  which 


was  near  the  northeast  corner,  only  a  few  feet  above  high-water 
mark.  From  this  opening,  the  shape  of  which  we  could  not  make 
out,  the  Eteani  rushed  with  a  loud  roaring  noise.     In  most  places  it 


was  impregnated  with  fumes  of  sulphur,  and  deposits  of  sulphur, 
some  in  very  line  needles,  were  oliseiTcd  along  the  margins  of  the 
cracks.  Most  of  the  rocks  were  hot,  and  pools  of  hot  water  occurred 
along  the  beach. 
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Captain  Tanner,  who  bad  been  tBcre  the  pi-evious  year,  expressed 
surprise  at  the  altered  appearances.  Not  only  bad  the  connecting 
spit  disappeared,  but  the  island  bad  decreased  in  height  at  least  100 
feet,  and  the  pinnacle  bad  fallen  and  was  lying  in  huge  masses  on  the 
steep  incline. 

In  1895  Bogoslof  was  visited  by  Becker  and  Dal],  of  the  U.  S.  Geo- 
logical Survey.  They  found  the  activity  of  the  steam  vents  greatly 
diminished  and  the  top  of  the  volcano  lowere<I  and  flattened.  Tbis 
flattened  plateau-like  form  ha^  continued,  and  is  excellently  shown  in 


Fis.  11.— ThelslaiidalrouaUtllcetut  or  iiimlilii  ltl97.    Fnun  pbutoKnph  tiy  Dr.  L.  Siclticger. 

the  accompanying  illustration  from  a' photogi-apb  taken  by  Dr.  Leon- 
hfij-d  Stjeneger  in  1S97  {fig.  11). 

In  189S),  when  seen  by  the  Harriman  expedition,  no  change  was 
observed. 


Accounts  of  early  navigator-s  and  titulitions  of  native  Aleuts  agree 
that  long  Iwforc  the  upheaval  of  the  modern  volcanoes  a  large  pillar- 
like rock  Htood  in  the  place  now  occupied  by  Bogoslof  Islands.  The 
dwindling  remnant  of  this  large  rock,  known  as  Ship  Rock,  whose 
position  was  between  the  present  islands,  fell  in  1888  or  1889.  In 
early  times  it  must  have  been  partly  surrounded  b}'  low  rocks  or 
spits,  for  it  was  always  a  great  resort  of  sea  lions,  and  these  animals 
do  not  remain  about  perpendicular  rocks  in  the  open  ocean,  where  there 
is  no  place  to  land. 

In  1796  a  volcanic  island  (Old  Bogoslof)  was  upheaved  about  half  a 
mile  KOuthea.st  of  Ship  Rock.  For  Nome  years  it  increased  in  size  and 
then  slowly  cooled,  after  which  it  began  to  weather  and  disintegrate, 
and  to  be  torn  away  by  the  sea. 

In  1883  a  new  volcano  appeared  close  to  Ship  Rock,  but  on  the  oppo- 
site (northwest)  side.  Its  summit  for  the  first  few  years  was  moun- 
tainous and  irregular,  but  between  1891  and  1S95  it  became  flattened 
and  plateau-like. 

For  six  years  {1884^1890)  Old  and  New  Bogoslof  were  completely 
connected  by  a  broad  spit,  or  isthmus. 
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in  1891  the  isthmus  was  washed  away  and  a  new  spit  a  mile  long 
foiTued  on  the  west  side  of  Old  Bogoslof  (fig.  12).  The  dat«  of  its 
uissppearaoce  is  uDknown,  but  in  1895  no  ti-ace  of  it  was  lefL 


>l«l  Bogoilof  (oi.l.    ,  

"  Id  BogOBlof. 


|.    "  i^£>S  a  spit  of  about  the  same  length  reached  out  in  an  easterly 
recti«z»»i     from  New  Bogoslof,  and  in  1899  evidenco  of  its  presence 
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THE  ANTARCTIC   VOYAGK    OF    THE    BELGICA    DURING 
THE  YEARS  181)7,  1898,  AND  ISSW. ' 


By  Henryk  AiitrrowsKi, 

OS  Ihf  lu-ienlijiv,  ulaff  of  the  cjji««(iy«. 


The  Belgian  Antaivtu-  Expedition,  a  member  of  which  I  had  the 
honor  to  be,  was  the  first  to  winter  amid  the  ice  of  the  South  Pole — 
the  first  of  the  several  expeditions  whose  combined  harvest  of  scien- 
tific results  is  destined  to  effect  a  complete  revolution  in  our  knowl- 
edge of  the  antarctic  reRions.  The  object  of  the  expedition  was  jwt 
to  pas.s  the  extreme  i>oiiit-i  reached  by  Ross  and  Weddell,  We  aimed, 
on  the  contrary,  at  achieving  something  new— something  which  might 
better  meet  the  requirements  of  modern  geography. 

The  expedition  was  a  private  undertaking  sul)sidized  by  the  Belgian 
Government.  The  initiative  was  due  to  Commander  de  Gerlacho,  who, 
from  lSil4  onward,  had  entertiuned  a  wish  to  undertake  a  voyage  of 
exploration  to  the  South  Pole,  Early  in  IHDti  the  Brussels  Geograph- 
ical Society,  which  gave  ita  patronage  to  the  project,  organized  a 
national  subscription.  Large  and  small  gifts,  and  a  generous  grant 
from  the  Government,  amounted  to  J60,(IOO.  With  this  sum  a  whaling 
vessel  and  scientific  Hp|>aratus  were  purchased  and  the  expenses  of  the 
expedition  paid. 

The  Bdgica  was  a  three-masted  bark,  100  feet  long,  with  a  dis- 
placement of  250  tons,  and  auxiliary  engines  of  150  horsepower.  The 
hull  was  pi-otected  by  a  casing  of  hard  wood.  Aft,  on  the  deck,  were 
placed  the  cabins  of  the  officers  and  of  the  scientific  staff,  while  in  the 
fore  part,  under  the  l)ridge,  a  laiwratory  was  rigged  out. 

In  three  essential  points  the  organization  of  the  expedition  was 
defecti\'e.  Fii-stly,  there  was  no  written  contract  us  between  the  staff 
and  the  lejider  of  the  exi>edition,  and  the  functions  of  the  several 
members  were  not  sufficiently  defined;  secondly,  no  written  instruc- 
tions were  provided  either  by  the  Ilelgian  Government  or  by  the  Geo- 
graphical Society,  or  by  any  other  learned  liody;  and,  thirdly,  no 
definite  programme  for  the  voyage  had  been  drawn  up. 

■Reprinted  in  abstract  from  the  Geographii«l  Journal,  lAindon,  October,  1901. 
IIluBtrationg  from  photographs  kiudly  lent  by  Dr.  F.  A.  Cook,  a  member  of  the 
expeilition,  by  whom  they  were  taken.  The  illuslrationa  liave  lieen  previously  pub- 
lisheil  by  FreiieriLk  A.  Cook,  in  "Through  the  First  Antan^tic  Jlijfht,"  Donbleday  & 
McClnre  Company,  New  York,  ami  are  <:opyrightwl  by  Doctor  Cook, 
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The  Belgian  Antarctic  Expedition  maintained,  therefore,  the  char- 
acter of  a  private  enterprisiie,  in  which  the  individual  liberty  accorded 
might  easily  have  led  to  anarchy  on  board.  If  1  lay  Mrea^  on  thi» 
point,  it  is  because  I  feel  that  the  example  of  the  Bdgica  ought  not 
to  be  followed.  In  a  similar  expedition  it  is  requisite  not  merely  to 
make  a  good  choice  of  the  individuals  who  are  to  take  part  in  it,  but 
to  do  all  in  one's  power  from  the  outset  to  se<mre  a  proper  organi- 
zation, to  define  the  duties  of  cotrh  one  of  the  statf,  so  as  to  give 
stability  to  the  enterprise, and,  further,  toprovidoadefinitc  plan— just 
what  we  lacked. 

We  left  Antwei-p  on  August  10,  18H7.  The  speed  of  the  B'-l^>ca, 
under  steam,  being  only  f  i-om  i  to  5  knots,  the  crossing  of  the  Atlantic 
was  slow  and  of  little  interest.  The  vessel  was  so  overloaded  that  the 
deck  was  scarcely  2  feet  above  the  water  line.  Dr.  Frederick  A.  Cook 
joined  the  expedition  at  Rio  de  Janeiro.  We  had  several  de^^crtions 
among  our  Belgian  seamen  while  in  South  American  waters  and  finally 
left  Punta  Arenas  with  a  quite  insufficient  crew.  The  whole  comple- 
ment of  the  Behjica  was  thus  reduced  to  Vi  men,  as  follows: 

Adricn  de  Gerlache,  commanding;  George  Lei-ointe,  second  in  com- 
mand, and  Koald  Amundsen,  officer;  Emile  Uanco,  Emile  Kacovitza, 
Henryk  Arctowski,  and  Antoni  Dobrowolski,  scientists;  Frederick  A. 
Cook,  doctor;  Henri  Somers  and  Max  van  Bysselberg,  engineers; 
Tollewsen,  Meiaerts,  Johansen,  Knutsen.Koren,  Wiencke,  Michotte, 
Dufour,  Van  Mirlo,  seamen. 

The  BeJgica  left  Staten  Island  on  .January  14,  1898,  and  it  was 
from  this  date  that  our  voyage  of  exploration  began.  We  had  all  the 
equipment  necessary  for  oceanographical  investigations,  and  I  was 
happy  to  be  able  at  last  to  commence  my  researches,  which  liegan  with 
an  interesting  discovery.  South  of  Staten  Island,  in  the  latitude  of 
Cape  Horn,  the  sounding  lead  only  touched  bottom  at  2,aOO  fathoms, 
and  from  this  point  the  depths  gradually  diminish  toward  the  .south. 
It  is,  therefore,  towai-d  the  east  that  1  think  we  nmst  look  for  the  pro- 
longation of  the  Andes,  since  south  of  Cape  Horn  we  are  still  in  the 
Barker  basin.  The  Pacific  Ocean  ought,  therefore,  to  I)e  extended 
beyond  the  meridian  of  Cape  Horn,  for  its  natural  limit  will  certainly  ' 
be  found  in  the  submarine  ridge  of  the  Andes, 

On  January  23  we  reached  Hughes  Gulf,  the  outlines  of  which  are 
but  vaguely  traced  on  the  Admiralty  chart  from  the  indications  sup- 
plied early  in  the  nineteenth  century  by  English  and  American 
whalers.  We  soon  saw  that  the  modern  charts  of  Petcrmann  and 
Friederichsen,  intended  to  illustrate  the  discoveries  of  the  German 
Captain  Dallniann,  were  entirely  at  fault.  As  the  infoi-mation  respect- 
ing the  lands  situated  to  the  south  of  Cape  Horn  was  extremely  .scanty, 
we  all  worked  our  hardest  to  collect  such  data  as  should  be  obtainable 
on  the  nature  and  extent  of  these  lands.  Captain  Lecointc,  assisted 
by  Commander  de  Gerlache,  was  busy   from  morning  till  night  on 
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sorrey  work,  the  Bdgica  being  moved  from  place  to  place  in  order 
^h&t  all  the  details  of  the  coast  might  be  seen  from  near  at  baod;  Dr. 
Coofc  was  constantly  at  work  taking  photographs;  Hat-ovitza  took 
lotes  on  the  animala  and  plants  which  he  managed  to  collect;  while  I 
took  every  opportunity  of  landing  to  collect  specimens  of  the  rocks 
tnd  study  the  glaciers  of  this  region,  Itesides  taking  numerous  photo- 
graphs. 

J  ivill   not  dwell  in  detail  on  our  ?.igzag  course  through  Belgica  Strait. 

-l^he  c^hart  constructed  by  Captain  Lecointe  gives  an  idea  of  the  work 

*ccomf>I  iahed  during  the  three  weeks  devoted  by  the  expedition  to 

cartog-T-a.phy.     The  important  point  which  is  brought  out  by  Lecointe's 

•^ap  i«    t;hat  the  east  coast  of  the  strait  traversed  by  us  is  perfectly  con- 

*'nuou^,    and  that  its  contours  display  the  characteristic  features  of  a 

i^ffion      of  fiords.     Toward  the  south  this   land  (named  by  us  Danco 

*^nd,     i  n  memory  of  Lieut.  Etnile  Danco,  who  died  during  the  coui-se 

^'  thc9       expedition)  is   connected   with   Graham  Land,  the   northern 

"Xtremitj  of  which  was  likewise  explored  by  us.     Toward  the  north, 

^Q  thcs    <:!ontrary,  the  continental  coast  line  was  not  traced  by  the  expe- 

'tior»,      for  thi.s  would  hai'e  necessitated  reti-acing  our  steps,  whereas, 

B  scixK  4>::so n  being  already  far  advauccd,  wc  had  to  contjuue  our  ouward 

,  j^^ST^      to  the  south.     But  as  the  inland  ice  rises  to  a  very  consider- 

ia  rf   *'^*"^rl»t  east  of  Hughes  Inlet,  I  have  been  led  to  believe   that 

(.        '^^  «-».»*  t   Yeach  in  that  direction  as  far  as  Louis  Philippe  Land.     It 

U^.  ^^*^  »~^   seems  likely  to  me  that  the  coast  line  is  continuous  to  that 

„jj. "  »    ^»»  d    that  Louis  Philippe  Land  is  in  reality  the  northern  termi- 

ej(.„.  *^*f     Grahftm  Land,  and  that  the  "  New  Greenland"  of  the  first 

to  J.       **  *^s:*    of  this  region  is  not  a  phantasm.     The  large  islands  situated 

"aoie*!     "^^^***  ***  Belgica  Strait  form  an  archipelago,  which  has   been 

*^e  no.        ~^^^lmer  Archi(>eIago,  in  order  to  give  a  place  on  the  maps  to 

j»^  ^^     *::>f  this  intrepid  American  navigator. 

niount«_  ~**  ***.rctic  lands  which  we  visited  are  very  mountainous,  and  the 
gica  Ol-»      *^  ^^    reach  to  the  shoi-es  almost  everywhere.     The  region  of  Bel- 
in  spito'  ^*'  *^  *^el  bears  the  characters  of  a  depressed  area,  .so  much  so  that 
block  l»     '^^^'if    one's  self  one  is  driven  to  the  conclusion  that  the  whole 
mulati.-^^'^^     ssunk  into  the  sea,  under  the  pressure  produced  by  the  accu- 
of    *- x^      ^^*f  ice,  to  a  depth  sufficient  to  restore  equilibrium.     By  rea- 
aathe   *>!"***  ice,  which  seems  to  be  piled  up  in  quantities  almost  as  great 
tovVd*-^*^  ■*;^i,nt  of  the  lands  permits,  the  relief  of  the  ground  is  almost 
^"t  \ce     ^"^^^^V-  masked.     Still  there  are  valleys  blocked  by  immense  atrcanis 
"^   en  H^*^**^  '"  ih.m<&  valleys  there  must  be  sills,  since  ice  falls  are  to  be 
^ftta<itL*~^'    «nd  there.     Cirques  too  occur;  so  that  we  find  all  the  fovms 
VB  Ol   ^*'*^ticof  fluviatile  erosion,  and  I  feel  no  doubt  at  all  thatbefove 
*■   .^^^   ^^'*'*-l  epoch  this  region  was  clear  of  ice,  and  that  the  traces  of 
*  ,er    ^l^*-*«ed  were  produced  by  running  water.    This  relief  <ym^  ho«- 
^cutn^  ^nly  guessed  at,  at  the  pre8entday,for  the  eternal  anowsb*''*' 
^^**-ted  everywhere,  and  it  is  only  by  the  directions  of  th^  glftcie'^'* 
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and  the  pxternal  foinis  of  tlie  anow  fields,  as  well  as  by  the  crevasses, 
that  we  can  picture  to  oui'selvcs  the  form  of  the  ground  on  which  these 
ice  masses  rest. 

Still  it  is  possible  to  trace  some  of  the  broad  linc«  of  the  irregulari- 
ties of  the  relief,  due  to  tectonic  causes.  The  two  principal  islands  of 
Palmer  Ai-chipelago  are  travefsed  in  the  direction  of  their  length  by  a 
chain  of  mountains  having  a  well-defined  direction  from  southwest  to 
northeast,  with,  I  believe,  a  gentle  curvature  to  the  east.  The  Bi-scoe 
Islands  cei-tainly  form  the  southern  prolongation  of  this  chain,  while 
Trinity  I.-*land  is  ixi»hil>Iy  that  to  the  northeast.  Moieover,  from  the 
few  geological  data  which  I  could  collect  this  line  of  mountains  fornn 
likewbe  a  zone  of  ancient  eruptiv.i  rocks,  with  one  or  more  vol(5inoe« 
of  Tertiary,  or  possibly  even  of  Recent  date.  Wiencke  Island  and  the 
noi-thern  point  of  the  coast  of  Graham  Land  fonn  a  similar  chain, 
which  runs  in  a  direction  parallel  to  the  tirst.  As  regards  the  moun- 
tains of  Danco  Land,  they  form  more  important  ma.'^sifs  of  granites, 
metamoi'phio,  and  sedimentary  rocks,  while  farther  inland  there  are 
also  some  masses  of  gneiss,  as  is  shown  by  the  erratics  derived  froui 
that  part  of  the  country. 

1  am  led  to  believe  that  the  more  detailed  study  of  the  geology  of 
this  "New  Greenland"  of  the  first  navigatoi-s  will  bring  to  light  anal- 
ogies between  the  mountain  system  of  these  lands  and  that  of  the 
chains  which  form  the  southern  extremity  of  the  Andes,  and  that  we 
are  now  in  a  position  to  formulate  and  discuss  the  theory  of  the  "  Ant- 
arctic Andes."  The  petrogi-aphic  study  of  the  rocks  which  1  brought 
back  will  give  us  some  data  to  work  from,  I  propose  to  call  this  sys- 
tem of  mountains  the  Copernicus  Range,  and  in  this  way  to  intro- 
duce into  our  geographical  maps  the  name  of  the  immortal  Polish 
astronomer. 

The  glaciers  of  the  antaretic  lands  visited  by  the  expedition  are  very 
characteristic,  and  differ  completely  in  appearance  from  the  Alpine,  or 
even  the  arctic  glaciers.  The  line  of  per|M;tual  snow  running  veiy 
close  to  the  level  of  the  se.i,  and  in  places  even  at  that  level,  one  of 
the  si«;cial  features  of  ghwiers,  and  quite  the  rule  in  the  case  of  Alpine 
and  arctic  glaciers,  is  completely  absent  in  the  antarctic  glaciers. 
The  teniiinal  portion  of  the  ice  stream — that  in  which  it  is  laid  bare 
and  melti  under  the  inHuentre  of  solar  radiation  luid  the  higher  temper- 
ature of  the  lower  regions  to  which  it  has  descended— which  we  have 
come  to  regard  as  quite  characteristic  of  glaciers,  is  almost  entirely 
absent.  To  their  very  extremities  they  are,  in  fact,  included  within 
the  region  of  accumulation  of  snow  by  atmospheric  precipitation. 
This  fact  alone  permits  the  occurrence  on  the  antarctic  lands  of  special 
types  of  glaciers,  the  most  remarkable  of  which  is  that  of  ice  caps. 
The  study  of  the  Alpine  glaciers  has  led  geologists  to  distinguish  only 
the  three  forms  of  "valley  glaciers,"  "banging"  or  "corrie  glaciei-s," 


lib,  Google 


D„ii„.db,  Google 


ANTABCTIO   VOYAGE   OF   THE   BELGICA.  381 

and  "  regenerated  glaciers,"  The  idea  of  a  {^lacier  thus  presupposes 
the  presence  of  a  valley.  This  idea  is  a  mtntakeii  one,  for  it  is  quite 
possible  that  the  ice  stream  may  be  wanting,  Hui-h  is  the  case  in  the 
antarctic  whenever  it  happens  that  the  collecting  ground  is  sufficiently 
near  the  coast  for  the  glacier  to  terminate  at  its  greatest  breadth  in  an 
ice  wall.  In  the  antarctic  regions  pei-petual  snow  can  exist  on  level 
ground  in  so  low  a  latitude  as  (>5°,  so  that  even  .small  islands  may  bear 
a  complete  mantle  of  perpetual  snow.  On  some  small  islets  of  less 
than  a  mile  in  diameter  we  found  a  thick  accumulation  of  ice  entirely 
covering  the  inequalities  of  the  ground,  and  foruiing  in  consequence 
convex  glaciers.  These  ice  caps  ended  .seaward  in  perpendicular 
walls,  while  on  the  surface  they  took  the  form  of  huge,  perfectly  even 
sheep's  backs. 

It  is  evident  that  this  fonii  of  glacier  will  be  found  also  on  islands  of 
larger  extent,  whenever  the  relief  is  sufficiently  uniform  to  make  it 
impossible  for  a  peak  to  pierw,  through  the  glacial  cap.  As  regai-ds 
the  thickness  of  these  caps,  it  is  plain  that  it  depends  on  the  plasticity 
of  the  ice  and  the  extent  of  ground  on  which  it  rests.  To  my  mind 
the  only  difference  which  exists  l>etween  these  convex  glat-icrs  of  the 
antarctic  and  the  inland  ice  of  Greenland  consists  in  the  incomjmrably 
greater  extent  of  the  latter,  and  in  the  fact  that  this  does  nut  reach 
the  coast,  hut  melts  up  into  streamlets,  and  sends  glaciei's  down  toward 
the  sea  only  through  the  valleys.  But  it  is  possible  that  there  may  be 
a  sheet  of  inland  ice  more  extensive  than  that  of  Greenland.  We  may 
say  that  the  great  ice  cap  supposed  by  Croll*  may  quite  well  cover  the 
atitaretic  continent,  since  even  small  islands  arc  .seen  to  have  the  even 
and  convex  covering  of  ice  laid  down  by  ('roll  for  the  whole  southern 
continent.'' 

On  the  other  hand,  it  may  seem  surprising  that  the  glacial  caps  are 
not  the  sole  type  of  glacier  in  these  regions,  whcii;  the  line  of  per- 
petual snow  is  found  at  sea  level."    The  reason  is  that  most  of  the 

•Climate  and  Tiin«,  4th  ed.  (London,  1897),  p.  374. 

*Ct.  Aretpwaki,  "Lea  (alotleanlaciBiresiles  regions  anUretiqut^,"  Coniplesltendus 
Acad.  Sci.  Vtini-,  Det-embt-r  24,  1900. 

'Thcijuestion  of  the  level  of  perpetual  snow  in  the  region  of  Belgica  Strait  Ih  a 
very  complex  one.  Professor  Penck,  wlio  was  jirew.'nt  atan  addrem  that  I  delivered 
at  the  "NaCurforacher-Versainnilunt;"  at  Aix-la-Chapelle,  wr»  templed  to  suppose 
that  there  might  well  l>e  two  lines  of  i)eri>L'tiial  snow,  one  above  the  other,  in  that 
region.  Low-lying  fogs  are,  in  fact,  very  frecjuent  there,  anil  these  protect  the  ana w 
from  the  effects  of  solar  radiation,  while,  on  the  other  hand,  the  clouds  which  moat 
frequently  give  rise  to  atmospheric  precipitation  likewise  rest  very  low.  The  sum- 
mits and  upper  portions  of  the  flanks  of  the  mountains  (li^^OO'e^t  and  over)  are 
therefore  subject  to  a  climatic  r^ime  decidedly  different  from  that  which  prevails  at 
Be«  level.  The  mean  temperature  of  the  air  is  possibly  lower,  but,  on  the  other  band, 
the  amount  of  atmospheric  precipitation  Is  less  and  the  effect  of  radiation  grealer. 
This  would  explain  the  fact  that  the  mountain  slopes  arc  sometimes  bare  of  snow  at 
on  altitude  of  1,50(1  feet  or  even  higher.  It  follows  that  the  idea  of  two  levels  of 
perpetual  snow  is  quite  a  plausible  one. 
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uct  of  an  inimonHC  glacier  which  must  have  flowed  through  Belgica 
Strait  westward,  1.  e.,  toward  the  Pacific  Ocean.  Other  proofs  of  the 
former  wide  extent  of  the  antarctic  gla*riers  are  furnished  by  the  erratics 
collected  in  Hughes  Gulf,  at  our  third,  fifth,  and  sixth  landings,  as  also 
by  those  found  on  Antwerp  Island  at  the  fourteenth  landing  place, 
where  a  hank  of  rolled  pebbles  and  blocks  extends  for  a  certain  distance 
from  the  shore.  Further,  in  Errera  Channel,  a  remarkable  moraine 
runs  transversely  across.  Lastly,  we  frequently  saw  perfectly  polished 
roches  moutonn^es,  either  along  the  shore  line  or  on  small  islands. 

The  discovery  of  the  former  greater  extension  of  the  antarctic  gla- 
ciers seems  to  me  so  important  a  fact  to  record,  that  I  could  not  refrain 
from  entering  into  these  details.  The  discovery  is  interesting  from 
various  points  of  view.  I  will  here  merely  call  attention  to  a  question 
which  seems  to  me  closely  bound  up  with  it — I  allude  to  the  climate  of 
the  Glacial  epoch.  In  fact,  this  question  aroused  a  keen  interest  in  me 
from  the  moment  when  I  noticed  the  morphologic  analc^y  which  exists 
between  the  southern  extremity  of  South  America  and  this  northern 
point  of  the  antarctic  continent,  and  which  suggests  the  question, 
whether  the  more  thorough  study  of  the  climates  of  the  two  regions 
and  of  the  glaciers  might  not  permit  us  to  calculate  the  point  to  which 
the  mean  temperature  of  the  air  must  have  fallen  during  the  Glacial 
epoch. 

This  epoch  has  left  its  mark  in  both  regions,  and  the  aspect  presented 
by  the  antarctic  lands  in  our  day  seems  to  afford  an  indication  of  the 
condition  of  the  channels  of  Tierra  del  Fuego  during  the  Ghicial  epoch. 
We  are,  therefore,  justified  in  asking  whether  the  existing  climate  of 
the  antarctic  lands  in  64°  may  not  be  the  same  as  that  which  prevailed 
in  latitude  54°  during  the  ice  age.* 

I  am  confident  that  the  investigations  of  the  next  antarctic  expedi- 
tions which  may  visit  the  two  regions  will  furnish  us  with  the  key  to 
the  problem  here  indicated. 

The  icebergs  of  the  arctic  regions  are,  in  general,  of  very  varied 
foi'm,  and  usually  of  small  dimensions,  although  heights  of  80  meters 
(260  feet)  arc  frequently  measured,  and  it  seems  that  as  much  as  110 
meters  {36U  feet)  above  sea  level  may  be  attained."  The  tabular  fomi 
has  rarely  been  recorded  in  the  art-tics,  although  the  icebergs  do  show 
it  near  the  glaciers  from  which  they  are  derived,  if  the  slope  of  the 
glacier  is  slight  and  the  berg  retains  its  original  position  of  equilibrium 
after  detachment. 

The  antarctic,  on  the  other  hand,  is  the  region  of  immense  tabular 
icebergs.  In  the  southern  seas  bergs  several  kilometers  in  length, 
and  rising  to  a  height  of  60  meters  (200  feet),  have  been  frequently 
met  with. 

•  H.  Arctoweki,  "A  propoe  de  la  question  da  cUmat  de  I'epoque  glaciure."  del  et 
Terre,  March,  1001. 

^E.  V.  prjrgalakj,  GronUnd  Expedition,  Vol.  I,  p.  381. 
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In  the  sens  navigated  by  the  lielyiai  wo  have  seen  us  many  »»  110 
icebergs  at  once,  distributed  all  around  the  horizon.  Forty  per  cent  of 
these  would  be  of  the  chanu-teristic  tabular  form,  while  the  remainder 
resembled  arctic  liergs,  or  Home  form  derived  from  the  tubular.  Large 
icebergs  were  rare;  heights  of  50  metors  (164  feet)  were  quite  excep- 
tional, and  the  tabular  Iwrgs  averaged  only  30  to  40  meters  (98  to  131 
feet).  The  tabular  icel>ergw  are  co\'ercd  over  with  nev<^,  and  only  show 
the  alternate  blue  and  white  ))andH  at  the  base.  I  only  onoc  had  an 
opportunity  of  examining  this  stratification,  in  an  iceberg  which  was 
inclosed  in  the  pack  and  displaced  so  that  the  strata  dipped  at  a  con- 
sideruble  angle.  Both  the  blue  and  white  bands  were  formed  of  glacier 
ice  with  the  characteristic  grained  structure;  the  strata  were  not 
sharply  separated  from  one  another,  the  only  difference  between  blue 
and  white  being  that  the  ice  in  the  latter  was  more  porou.H,  inclosing  a 
large  number  of  air  bubbles;  the  ice  in  l>otb  wati  compact. 

The  supposition  that  tabular  bergs  are  foimed  of  sea  ice  ia  entirely 
wrong.  The  mode  of  forination  of  the  sea  ice  shows  that  its  thickness 
constantly  tends  to  a  limit,  supposed  by  Weyprecht"  to  be  7  meters 
(23  feet)  at  a  niaximimi,  however  low  the  mean  winter  temperature 
and  however  great  the  number  of  years.  I  think  Weyprecht's  limit 
is  too  great  for  the  antarctic  regions.  In  any  case  the  continental 
origin  of  the  antarctic  icebergs  is  indisputable,  for  the  bed  of  the 
Antarctic  Ocean  is  covered  with  terrigenous  deposits  and  erratic 
blocks  laid  down  by  the  melting  of  the  ic«,  and  these  materials  are 
transported  to  great  distances  from  the  glaciers  from  which  they  are 
derived. 

Our  soundings'"  and  those  of  Ross  have  shown  that  the  continental 
inland  ice  does  not  extend  (on  the  continental  shelf)  beyond  the  isobath 
of  400  meters  (l,31i3  feet),  and  this  may  be  taken  as  the  maximum  total 
thickness  of  the  icebergs  coming  from  the  pole  in  the  whole  antarctic 
area  of  the  Pacific.  If  one-eighth  of  the  tabular  iceliergs  appeal' 
above  the  surface,  we  go  50  meters  (104  feet)  as  the  limiting  height 
of  the  bergs  detached  from  the  groat  ice  barrier  known  to  extend  from 
Victoria  I^and  to  longitude  170°  W.,  and  which  doubtless  continues 
eastward  to  the  land  to  south  and  west  of  Alexander  Land. 

As  soon  as  the  Behjicn  entered  the  Pacific  Ocean,  the  survcj's  of 
the  sti-ait  discovered  being  completed,  and  the  season  already  well 
advanced,  do  Gerlachc  did  not  wish  to  lose  time,  and  set  his  course  to 
the  southwest  in  order  to  cross  the  pack  which  we  entered  in  longitude 
80°  W.     Several  attempts  to  penetrate  the  pack  failed. 

In  longitude  85°,  however,  the  edge  of  the  pack  was  more  to  the 
south,  and  on  February  27  we  reached  latitude  70-  S.  without  difficulty, 
the  ice  being  navigable,  and,  aided  by  a  gale,  we  made  rapid  progress 

•K.  Weyprecht,  Die  Metaraorphoeen  dos  Polareises,  p.  139, 
"H.  Arctoweki,  The  Bathynietricai   Relations  of  the  jUitarctio  Regions  (tJeog. 
Joum.,  July,  1899). 
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for  twenty-foui' hours;  but  the  Belijivn  became  altogether  immovalde  in 
latitude  1\°  ZV  S.  on  March  %  1SH8.  This  latitude  was  never  exceeded 
later  h\  more  than  a  few  niinutesi. 

No  serious  attempt  was  made  to  escape  from  our  imprisonment. 
Wintering  in  the  antarctic  regioiin  was  part  of  the  pragramme  of  the 
expedition,  and  it  was  just  as  well  to  do  so  where  we  were  in  the  mov- 
ing pack  as  to  force  a  way  out  and  return  to  a  land  station.  Besides, 
iti  the  explored  land  regions  we  Imd  only  seen  one  place  where  winter- 
ing was  pi-acticable — at  the  twelfth  landing  in  Lemaire  Channel, 

Lecointe  made  frequent  astronomical  determinations  of  position  and 
deduced  therefrom  the  direction  of  drift.  Sometimes  we  moved  north- 
ward with  southerly  or  southwestly  winds;  this  we  heard  with  joy. 
But  with  change  of  wind  we  would  again  go  toward  the  pole  or  east- 
ward or  westward,  and  so  we  wandered  from  place  to  place,  sometimes 
back  in  our  old  position,  sometimes  far  to  the  westward.  Apparently 
we  remained  immobile,  for  everything  around  us  followed  the  same 
coui-se;  we  always  took  our  dreary  scenery  with  us. 

The  drift  of  the  Beiyit-a  with  the  ice  is  the  longest  experienced  by 
any  vessel;  the  chart  shows  that  the  movement  of  the  pack  was  guided 
by  an  obstacle  to  the  east  and  south  of  us,  and  the  existence  of  land  in 
those  directions  is  further  indicated  by  our  soundings.  Depths  dimin- 
ished to  the  south  and  east,  and  my  bathymetrical  chart'  shows  that 
during  nearly  all  the  time  we  were  on  a  continental  plateau.  The  pack 
in  which  we  were  may  be  regarded  as  a  coastal  pack,  no  doubt  of  great 
extent,  but  different  in  every  respect  (esiiecially  with  regard  to  its 
movements)  from  the  pack  of  northern  polar  regions.  It  is  possible 
that  in  some  years  the  pack  becomes  detached  like  that  in  the  Itoss 
Sea,  but  the  observations  of  Cook  and  t^Uingshausen,  as  well  as  our 
own,  in  1898  and  18!»9,  indicate  that  this  must  be  exceptional.  I  am 
of  opinion  that  the  great  Graham  Land  peninsula  forms  an  anticyclonic 
region,  so  that,  far  from  drivinfj  the  ice  towai-d  the  ocean,  the  pre- 
vailing northeasterly  winds  of  the  summer  months  send  it  southward; 
but  in  the  Koss  and  Weddell  seas  the  same  anticyclonic  winda  pro- 
duce the  opposite  effect,  liecause,  as  they  come  fi-om  the  southeast, 
they  are  diverted  toward  the  north,  Victoria  Land  being,  in  all  like- 
lihood, eqiuilly  a  region  of  high  pressure.  The  forthcoming  English 
expedition  should  decide  this  question. 

The  seals  and  penguins  were  our  very  good  comrades  from  the  begin- 
ning; they  took  the  greatest  interest  in  all  our  affairs.  The  penguins, 
particularly  the  small  ones  (Pygoscelis  AdeliK),  seemed  to  us  remark- 
ably intelligent,  and  we  took  great  interest  in  watching  them.  They 
had  an  almost  human  appearance  when  walking  across  the  snow,  and, 
indeed,  they  had  many  human  attributes,  especially  in  their  social 
customs. 
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On  May  17  we  saw  the  sun  for  the  last  time.  In  the  antan-tie  regions, 
thanks  doubtless  to  the  dptestablc  climate,  the  disastrous  effects  of  the 
polar  night  are  far  more  marked  than  in  the  north.  There  is  a  gen- 
eral lowering  of  the  .system,  and  the  heart  acts  feebly.  Several  of  us 
developed  serious  symptoms,  and  without  daily  care  on  the  part  of  the 
doctor  others  would  not  have  sur\'ived  the  period  of  darkness,  though 
it  was  mlatively  short.  One  part  of  Cook's  treatment  was  very  effect- 
ive and  ingenious.  Those  who  were  most  affected  by  delicieiit  circu- 
lation were  made  to  stand  in  a  half-naked  condition  close  to  the  red-hot 
stove  for  several  hours  daily.  In  this  way  the  action  of  the  solar 
radiation  was  in  part  replaced  by  ravs  of  artiticial  heat — in  a  manner 
admittedly  primitive — but  none  the  less  beneficial. 

The  sun  reap|5eared  on  July  '2S.  With  its  return  our  torpor  disap- 
peared and  gave  place  to  general  activity.  Lecointe,  Cook,  and 
Amundsen  even  risked  a  long  expedition,  taking  with  them  provisions 
for  fifteen  days,  a  fur  sleeping  liag  for  three,  and  a  tent.  They  stayed 
out  for  a  week,  but  did  not  make  much  progress,  for  aftci-  a  strong 
breeze  sovei-al  channels  formed  in  the  ice  field,  and  they  had  the  great- 
est diflicnity  in  regaining  the  ship  in  safety.  We  had  no  kayaks,  and 
the  piut^tical  result  of  this  little  expedition  was  to  show  that  without 
them  all  attempts  to  travers*;  long  distancs  on  the  pack  must  l>e  futile. 

It  was  also  made  evident  that  it  is  impossible  to  go  far  from  the  lloe 
on  which  an  exi>editton  is  encamped  without  running  grave  risks  of 
being  unable  to  find  a  way  Iwu-k.  For  this  reason  I  do  not  appreciate 
the  opinion  of  a  Gennan  critic,  who  has  expressed  surprise  that  we 
did  not  try  to  attain  a  high  latitude  on  the  pack  by  following  a  direct 
route  to  the  ix»lc.  Tbe  great  pT-oblem  is  to  find  the  position  of  the 
ship  when  it  is  time  to  return  to  it.  If  we  had  left  the  Beltjiia  on 
August  10,  in  latitude  7(1-  .)()'  south,  longitude  8«-  'MV  west,  we  should 
have  had  to  find  her  again  one  month  later,  on  September  It),  in  lati- 
tude (i'J^  50'  south,  longitude  82-  41)'  west,  and  I  greatly  doubt  if  my 
German  criti:,  even  with  the  most  favorable  hypotheses,  could  have- 
accomplished  this  tour  de  force. 

The  chaiiicteristic  feature  of  the  southern  (wick  is  the  thick  layei'  of 
snow  which  lies  on  it  all  the  year  round.  Except  for  the  young  ice, 
which  forms  in  the  open  channels,  is  broken  up  by  every  movement 
caused  by  the  wind,  and  often  presents  a  bare.  gla,-isy  surface,  the  tloes 
rest^mble  an  immense  plain  covered  by  a  thick  mantle  of  snow.  The 
weight  of  this  snow  is  so  great  that  the  ice  is  often  depressed  lielow 
the  water  level,  and  tiie  Im-se  of  the  snow  is  trausfonued  into  blue, 
granular,  compact  ice,  very  different  in  its  physical  properties  (com- 
position, structure,  etc.)  from  the  ordinary  ice  produced  by  the  freez- 
ing of  sea  water.  The  fallen  snow  is  changed  into  nev6  under  the 
influence  of  solar  radiation  and  frequent  changes  of  air  temperature. 
In  normal  circumstiinces  the  field  ice  may  Iw  taken  as  about  2  meters 
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(6i  feet),  or,  in  the  tase  of  ice  several  years  old.  not  more  than  3  to  4 
raeters  (10  to  13  feet)  in  thickness.  The  freezing  action  clearly  tends 
to  a  lirait  which  can  not  be  surpassed,  however  low  the  temperature. 
This  is  the  invariable  result  of  measurements  in  the  arctic  regions,  and 
it  is  entirely  suppoi'ted  by  our  measureraents  during  our  wintering  in 
the  antarctic. 

The  greatest  cold  we  experienced  occurred  in  September;  on  the  Sth 
the  thoi-mometer  sank  to  —43-  C,  (—45.4^  F.),  an  extreme  temperature 
when  one<onsiders  that  we  were  very  far  from  land,  and  only  in  71^  south 
latitude.  We  took  advantage  of  the  sunshine  when  it  came,  following 
the  example  of  the  seals,  who  lay  motionless  on  the  ice  for  hours  together 
enjoying  sun  Imths.  When  there  was  no  wind  we  felt  warm  at  a  tem- 
perature of  —15"^  C.  (H'^  v.),  and  even  25-  C.  (—13'=  F,),  which  i^  easy 
to  understand,  as  evidently 
the  temperature  of  the  air 
did  not  indicate  all  the  beat 
we  felt,  and  we  had  only  to 
go  into  the  shadow  to  feel 
the  difference. 

In  the  antarctic  there  are 
strong  equinoctial  storms, 
which  follow  close  upon  one 
another.  The  storms  which 
preceded  the  establishment 
of  the  summer  regime  were 
accompanied  by  tremendorus 
snowdrifts,  and  as  the  Bel- 
ffica  presented  an  obstiicle  to 
these,  large  quantities  of 
snow   accumulated,   and   at 

length  almost  buried  her.  It  became  necessary  to  extricate  her,  and 
the  work  had  to  be  done  quickly,  as  she  threatened  to  sink  gradually, 
dragged  down  by  the  inclosing  ice. 

Until  Dccemlier  we  had  every  conlidence  that  the  sun  would  uielt 
the  ice  and  break  up  the  floes  to  such  an  extent  that  we  couid  make 
our  e.i<'ape  easily.  But  whfni  December  bad  parsed,  and  the  sun  made 
his  daily  lour  of  the  horizon  without  melting  anything,  we  felt  our- 
selves deceived;  there  we  remained,  at  the  mercy  of  fate,  helpless  in 
the  middle  of  an  ice  field  several  miles  in  circumference.  We  attacked 
our  floe  with  the  explosives  with  which  the  exiwdition  was  provided, 
but  with  no  effect.  A  careful  examination  of  our  tloe  fortunately 
revealed  an  old  fracture,  close  astern  of  the  ship,  on  which  the  ice  was 
only  from  li  to  2  meters  (4.!t  to  6.6  feet)  in  thickness.  Along  this  we 
cut  a  channel  700  meters  (2.2t'7  feet)  long,  and  wide  enough  to  allow 
the  passage  of  the  ship.     The  task  was  long  and  arduous,  but  as  it  was 
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a  matter  of  life  or  death  to  us  the  work  went  on  cheerily,  day  and 
Dight,  for  B  whole  month.  As  we  had  only  three  saws  we  could  not 
all  woik  together,  so  we  divided  into  two  parties,  one  working  by  day, 
the  other  by  night.  The  method  wft  employed  was  very  simple. 
Starting  from  the  edge  of  our  floe,  A  C,  two  lines,  A  B  and  C  D,  were 
cut.  then  E  F,  and  the  triangle  A  E  F  was  detached  and  pushed  out  of 
the  waj-.  Next  the  lino  G  H  was  cut  and  the  quadrilateml  E  C  H  G 
removed;  then  E  K,  and  another  polj-gon  was  free.  Thus  we  got  rid 
of  the  ice  piece  by  piece,  and  as  each  slab  had  to  be  pushed  out  the 
channel  already  cut  was  open. 

The  work  was  almost  completed  when  a  storm  came  upon  us.  The 
Belgicu  was  nipped  between  two  large  floes,  and  as  the  swell  from  the 
ocean  i-eached  us  from  outside,  these  crushed  and  left  the  vessel  alter- 
nately with  every  wave.  We  had  three  days  of  anguish,  but  at  last 
the  sea  went  down,  and  after  some  more  labor,  aided  by  a  free  use  of 
our  tonite,  the  Belgica  was  finally  delivered  on  February  14,  1899. 

We  made  rapid  progress  northward  for  a  whole  day ;  but  then,  on  the 
edge  of  the  pack,  our  way  was  completely  barred  by  a  number  of  small 
floes  packed  close  together,  A  long  month's  waiting  followed,  tossed 
about  all  the  time  by  the  ocean  swell,  before  we  got  a  chance  to  escape 
to  the  open  sea,  toward  which  the  water  sky  to  the  northward  had  all 
the  time  been  showing  us  the  way. 

The  Belgica  left  the  pack  on  March  14,  and  on  the  28th  we  were 
back  in  Punta  Arenas. 
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damij  and  canaU  on  the  lower  Hoan^rho.  in 

jyptian  Nile. 

portent,  however,  seems  that  decisive  aet  of 

conquering  his  terror  of  the  unknown,  lie 
to  the  hostile  element,  and  fared  over  the 

on  a  fragile  raft,  or  in  a  rude  dugout,  or  in 
d  planks.  This  progressive  act,  conteining 
ion  over  the  earth,  may  have  been  indcpend- 
than  one  occasion,  when  the  various  hordes, 

into  which  our  i-ace  had  long  been  split  by 
rrived  at  the  shores  of  the  ocean.     Where 

M-ean,  the  attempt  to  reach  the  high  seas 
loat^.  Elsewhere,  the  impulse  to  move  upon 
B  than  swimming  permits  led  directly  to  the 
ng  ships,  the  art  which,  in  its  wonderful  state 
man,  alone  among  all  creatures,  to  overstep 
ine  on  all  sides  and  reach  the  most  distant 

y  have  impelled  man  to  this  reckless  venture 

that  stern  and  omnipotent  educator  of  man- 

quent  motive,  as  may  be  surmised  from  the 

lunt  for  lish  in  the  ebb  tide.    Again,  in  flight 

trilie,  fear  may  often  have  made  man  invent- 

r  the  deceptive  sea  as  a  temiwi-ary  refuge  to 

Is  of  the  enemy.     If  a  tribe  took  up  its  per- 

jaat,  two  causes  may  have  operated  to  educate 

jintheoncedreadedelement:  Firat,  the  value 

iiding  in  the  watei-s  along  the  coast;  second,  the 

i'l'iisito  shore.     These  causes  may  have  opemted 

r.     The  laek  of  food  stuffs  in  the  polar  lands 

j]>lcd  the  Eskimos  to  push  beyond  the  eightieth 

I  i-i  was  effected  by  the  pi-omise  of  food  held  out 

iitVof  the  Arctic  Sea;  in  fact,  it  was  the  capture 

iiiut-hearted  inhabitents  of  polar  lands  to  cross 

.  ;ind  ijenetratc  to  the  most  northern  point  ever 

.iiig  of  them  such  unexcelled  mastei's  in  the 

t  a  skillful,  hardy  Eskimo  can  paddle  his  boat 

.lagen  in  one  day.     The  colonization  of  the  Hel- 

111  the  ^Egean  Sea,  along  the  shores  of  the  Black 

iii-se  taken  by  the  tunny  in  it**  wanderings,  just  as  the 

iheir  nautical  masters,  the  Phwnicians,  extended  to 

on  the  shores  of  the  Mediterranean,  influenced  by  the 

the  shellfish  from  which  they  got  their  purple  dye.     In 

he  interior  is  forbidding  (which  is  the  case  not  only  in 

)  through  the  bareness  of  sheer  i-ock,  the  bleakueiis 
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By  Alfred  Kirchoff. 


The  only  Hlwolute  power  on  oarth  is  the  sea.  The  bosom  of  the 
deep  brought  forth  land  itself,  who.se  insular  fragments  only  here  and 
there  break  the  continuity  of  the  all-embracing  o<-eau.  The  sea  alone 
constitutes  a  whole  between  the  atmospheVic  envelope  and  the  mineral 
crust  of  the  earth, and  essentially  the  earth  is  »till  a  planet  surrounded 
by  the  ocean.  Again,  organic  life  in  its  mysterious  origins  must  l)e 
explained  as  a  pregnant  result  pi-oduced  by  the  sea  and  its  movements, 
at  the  period  in  which  there  was  no  land,  and  a  single  unbroken  ocean 
inclosed  the  terrestrial  sphere  as  a  shell,  similar  to  the  atmospheric 
envelope  in  turn  inclosing  the  ocean.  And  if,  indeed,  evolution  of 
life  on  earth  follows  a  imifonii  plan,  then  even  vegetable  and  animal 
forms  on  land,  inehKling  man  himself,  are  descended  from  marine 
anirestors. 

However,  in  the  course  of  eeons.  land  animals  adapted  themselves 
to  conditions  outside  the  ocean,  and  so  a  vast  <'hasm  gradually  arose 
between  ci-eatures  of  the  land  and  of  the  sea.  Rivers  and  lakes,  by 
their  nature  elements  of  the  land  related  to  the  ocean,  do,  indeed,  in 
exceptional  instances  blur  the  sharp  boundaries  confining  the  fauna 
world  of  the  sea.  Some  fish,  like  the  eel  and  the  salmon,  live  in  either 
salt  or  fresh  water,  and  some  sea-tish  gi-adually  accustom  themselveii 
to  the  water  at  the  mouths  of  rivers,  which  is  less  salt  than  that  of  the 
open  sea,  and,  finally,  their  descendants,  swimming  upstream,  remain 
in  fresh  water  ixirmanently.  The  little  citlcntei-a,  for  instance,  in 
recent  years  passed  fi-om  the  North  S<'a,  through  the  bi-ackish  waters 
at  the  mouth  of  the  Elbe,  into  the  Ellie  and  Saale,  and  even  I'eached 
the  fresh-water  lake  at  Eislelien.  Senis  bear  on  land;  sea-birds  with 
great  powei-s  of  Hight,  like  the  frigate-bird  and  the  albatross,  ply  their 
mighty  wings  over  the  r-ea  thousands  of  kilometers  away  from  the 
coast,  for  days  at  a  time.  Nevertheless,  in  the  dispeision  of  living 
creatures  the  coast  remains  the  sharpest  dividing  line,  and  it  is  obvious 
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tbat  mnn,  whose  entire  organization  points  to  the  fact  that  hi-s  ancestors 
in  the  Tertiary  ^e  were  fruit-eating  inmates  of  the  woods,  from  the 
beginning  lived  exclusively  on  land.  The  coast  line  of  the  Eastern 
Continent  may  be  considered  the  uttermost  limit  of  the  original  home 
of  primitive  man. 

Man  could  have  l>een  onlj-  affrighted  by  the  sea  when  it  first  con- 
fronted him  in  all  its  inhospitality,  with  its  sudden  dangers  threatening 
his  fostering  mother  earth  through  high-tossing  bi'eakcrs,  flooding 
tides,  and  fearful  storms.  In  the  face  of  this  far-superior  enemy, 
attacking  him  with  elemental  power,  unprotected  man  in  the  first  place 
felt  himself  forced  into  an  attitude  of  defense,  especially  along  flat 
coasts,  where  the  rise  and  fall  of  the  surface  of  the  sea.  corresponding 
to  th©  incoming  and  outgoing  tides,  produced  the  floods  that  swept  up 
far  Ijeyond  the  low  land  of  the  coast.  Pliny  has  given  a  dramatic 
picture  of  a  struggle  with  the  ocean  such  as  must  have  taken  place  in 
prehistoric  times.  He  tells  of  the  North  Sea  at  the  time  of  the  Roman 
Empire,  when  the  German  coast  was  still  unprotected  by  dikes.  Every 
day,  he  says,  the  flood  tide  submerged  the  land  of  the  Chauci,  a  German 
tribe.  The  people,  who  took  refuge  in  their  huts,  reseiut>led  seafarers, 
and  the  -setting  in  of  the  ebb  tide  lured  them  out,  like  castaways,  to 
cat^^'h  fish  in  the  receding  waters,  or  to  pick  up  turf  washed  ui>on  the 
damp  clay  gi-ound  by  the  tlood.  This  example  does  not  ptvsent  the 
most  elementary  aspects  of  man's  struggle  for  existence  with  the  set, 
for  the  means  used  were  in  a  measure  peffccted.  The  Chauci  had 
advanced  so  far  as  to  provide  a  secure  foundation  for  theii'  huts  by 
throwing  up  mounds,  Wurfi-it,  such  as  are  still  usi-d  by  the  inhabitants 
of  the  Halligen,  marshy  islands  off  the  west  coast  of  Sleswick,  which, 
on  account  of  their  small  size,  are  not  provided  with  dikes.  It  needed 
only  the  "golden  circlet"  of  the  dikes  along  the  coa-st  to  secure  per- 
manently to  the  German  mainland  the  belt  of  land  once  the  playground 
of  the  shifting  tides  as  a  heavy  marsh  land  rich  in  pastures  and  wheat 
fields.  We  know  from  history  what  a  blessing  this  triumph  ha^  been 
to  the  inhabitants  of  the  Gennan  and  Netherlands  coast  since  the 
Frisian  tossed  up  his  last  spadeful  of  earth,  calling  out  proudly  to  the 
sea,  the  hlnnkcn  Ilaiit  (gleaming  Hans),  now  held  within  strong  Iwnds, 
Trtits  iimi,  hhink  Ilaim  (Do  'our  worst  now,  gleaming  Hans  !),  Since 
then  the  boast  has  been  ti'ii:  /**■'«  jm'/jv,  Balni'iin  Jitora  fi.e!t.  The 
success  achieved  over  the  opirenent  hitherto  all  powerful  only  con- 
firmed the  people  in  their  pnde  of  freedom.  The  construction  «f  the 
dikes  had  i-equired  energetic,  self-sacrificing  effort  of  miiny  working 
for  a  common  end.  and  the  more  univmitting  the  necessity  for  united 
labor  in  order  to  preserve  them,  the  haitUer  the  growth  of  the  com- 
munal spirit  behind  this  fortification  against  the  tyrant  Okeanos,  that 
spirit  which  restrains  self-seeking  individualism  and  makes  for  civil 
order.     Thousands  of  years  Iwfore,  a  similar  result  had  been  effected 
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by  the  construction  of  dams  and  canals  on  the  lower  Iloan^ho.  in 
Babylonia,  and  on  the  Egyptian  Nile. 

Incomparably  more  important,  however,  seems  that  decisi\-e  act  of 
prehistoric  man,  when,  conquering  his  terror  of  the  unknown,  he 
boldly  truHted  himself  to  the  hostile  element,  and  fared  over  the 
surging  limitless  waters  on  a  fragile  raft,  or  in  a  rude  dugout,  or  in 
a  boat  of  roughly  joined  planks.  This  progressive  act,  containing 
the  germ  of  man's  dominion  over  the  eaith,  may  have  been  independ- 
ently executed  on  more  than  one  occa-sion,  when  the  various  hordes, 
strangers  to  one  another,  into  which  our  i-ace  had  long  been  split  by 
extended  wandering.^,  arrived  at  the  shores  of  the  ocean.  Where 
streams  empty  into  the  <H'ean.  the  attempt  to  reach  the  high  seaa 
niighti>e  made  in  river  boats.  Elsewhere,  the  impulse  to  move  upon 
the  sea  for  a  longer  time  than  swimming  permit  led  directly  to  the 
art  of  building  and  guiding  ships,  the  art  which,  in  its  wonderful  state 
of  development,  enables  man,  alone  among  all  creatures,  to  overstep 
the  limits  of  the  coast  line  on  all  sides  and  reach  the  must  distant 
points. 

■  But  what  could  possibly  have  impelled  man  to  this  reckless  venture 
on  the  ocean  i  Hunger,  that  stern  and  omnipotent  educator  of  man- 
kind, wm  probably  a  frequent  motive,  as  may  be  suraiised  from  the 
custom  of  the  Chauci  to  hunt  for  tish  in  the  ebb  tide.  Again,  in  flight 
before  a  superior  hostile  trilie,  fear  may  often  have  made  man  invent- 
ive, and  led  him  to  prefer  the  deceptive  sea  as  a  temporary  refuge  to 
the  sure  fate  at  the  hands  of  the  enemy,  Jf  a  tril>e  took  up  its  i«r- 
manentalwde  at  the  scacoast,  two  causes  may  have  operated  to  ctlucate 
man  to  gradual  contidence  in  the  once  dreaded  element:  Fii'st,  the  value 
of  the  animals  abounding  in  the  waters  along  the  coast;  second,  the 
allurements  of  an  opposite  shore.  These  causes  may  have  operated 
separately  or  togethei'.  The  lack  of  food  stuffs  in  the  polar  lands 
would  never  have  tenipte<l  the  Eskimos  to  push  beyond  the  eightieth 
degree  of  latitude.  This  was  effected  by  the  promise  of  food  held  out 
by  the  teeming  animal  life  of  the  Arctic  Sea;  in  fact,  it  was  the  capture 
of  seals  that  led  these  stout-hearted  inhabitants  of  polar  lands  to  cross 
the  icy  American  .straits,  and  ])enetrate  to  the  most  northern  point  ever 
inhabited  by  man,  making  of  them  such  unexcelled  masters  in  the 
handling  of  kayaks  that  a  skillful,  hardy  Eskimo  can  paddio  his  boat 
from  Kligen  to  Copenhagen  in  one  day.  The  colonization  of  the  Hel- 
lenes progi'es.sed  from  the  ^Egean  Sea,  along  the  shores  of  the  Black 
Sea,  toward  the  course  taken  by  the  tunny  in  its  wanderings,  just  as  the 
colonization  of  their  nautical  masters,  the  PhiBnicians,  extended  to 
various  places  on  the  shores  of  the  Mediterranean,  influenced  by  the 
pi-esence  of  the  shellfish  fixjm  which  they  got  their  pui-ple  dye.  In 
districts  where  the  mterior  is  forbidding  (which  is  the  case  not  only  in 
the  polar  regions)  through  the  bareness  of  sheer  lock,  the  bleakness 
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of  moorlands,  and  oici-grown  forests,  and  where  the  sea,  on  the  other 
hand,  with  its  tisb.  molliisks.  and  crabs,  presents  an  inviting  hill  of 
fare,  we  find  people  who,  like  nea  birds,  live  almost  exclusively  on  sea 
food  and  use  the  land  only  as  their  dwelling  place.  Such  are  the  Terra 
del  Fuegans,  who  live  at  the  extreme  southern  end  of  the  inhabited 
earth,  and  the  Tlinkit  Indians,  along  the  southeastern  coast  of  Alaska, 
which  is  indented  with  fiords  like  the  coast  of  Norway,  and  cut  up  into 
islands.  The  latter  have  become  so  Hccustomed  to  their  slender,  well- 
built  iKMits  that  they  use  their  feet  unwillingly  and  awkwai-dly.  Sim- 
ilarly, in  Europe,  the  Danes  have  developed  into  »n  essentially  coast- 
inhabiting,  seafaring  people,  since  a  portion  of  them,  under  the 
appropriate  name  of  Vikings  (people  of  the  fiords),  established  settle- 
ments between  a  .sea  teeming  with  fish  and  the  bare  fiold-s  of  the  ipland. 
The  history  of  the  Normans  unfolds  an  impressive  picture,  showing 
how  readily  the  l>old  seaman  turns  sea  robber.  The  Normans,  their 
venturesome  spirits  lured  by  the  wide  freedom  of  the  se^,  soon  trans- 
ferred their  predatory  expeditions  from  the  home  soil  to  foreign  lands. 
They  sailed  up  the  streams  of  eastern  England,  up  the  Seine  and  the 
Elbe;  they  haiTied  Cologne  on  the  Uhine,  and  they  entered  Sicily  as 
conquei-ors.  Of  the  sea  the  same  may  \te  said  as  of  the  desert,  that 
rich  biKrty  entices  the  foolhardy  to  brigandage,  especially  when 
acquaintance  with  the  lay  of  the  land  and  a  sure  hiding  place  promii-cs 
successful  nipe.  The  I^lmatian  coast,  with  its  concealed  coves  and 
narrow  inlets,  pivsents  a  nuni)>er  of  such  sally  ports  and  loopholes  for 
cstape  along  one  whole  side  of  Adriatic  ship  routes.  For  this  reason 
it  was  a  constant  seat  of  pirmy,  even  in  ancient  times,  and  when  Rome 
sent  a  incsscnger  to  the  Illyrian  queen  Teutii  to  demand  the  cessation 
of  buccaneering,  her  proud  answer,  that  it  did  not  concern  Rome,  that 
it  was  the  custom  of  her  people,  had  a  certain  geographical  justifica- 
tion. Optwrtunitv  not  only  makes  thieves,  but  rears  a  nation  of 
robbers. 

Recently  doubt  has  been  expressed,  rather  hypercritically.  of  the 
value  of  sinuses  and  ir-hinds  an  a  nautical  impulse  to  the  inhabitants 
of  coiist  lands.  Iteyond  the  even  coast  line  of  the  Australian  and  the 
African  mainland,  unfringcd  with  islands,  the  inhabitants  have  lived 
fnim  the  earliest  days  devoid  of  nil  connection  with  the  .sea.  Yet  no 
one  would  venture  to  say  that  the  negro  shows  no  aptitude  for  the  sea- 
faring life.  On  board  our  vessels  many  a  black  African  has  done 
valiant  service  as  sailor.  In  fact,  the  whole  race  of  Kru  negroes,  on 
the  sealK)ard  near  C'ape  Pahnas.  have  won  world-wide  fame  as  the  best 
sailors  employed  in  the  West  African  merchant  service,  though,  it 
must  be  confessed,  that  this  is  Hue  only  since  piLssing  European  ves- 
sels have  hired  the  "■Kru  lH>ys'"  for  the  work.  However,  it  seems 
signiticant  that  the  one  tribe  of  negroes  that  pursue  navigation  of  their 
own  impulse,  the  Papel  negroes  of  Portuguese  West  Africa,  south  of 
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Senegaiiihia.  should  have  developed  precisely  at  the  conduit-like 
mouth  of  the  Hio  de  Geba,  opposite  to  which  lies  the  Bissagos  Archi- 
pelago, Along  those  coasts  of  South  Amerit-a  that  are  almost  entirely 
bereft  of  islands  and  peninsulas  the  European  discoverers  encountered 
nothing  more  advanced  than  rafts,  with  the  exception  of  the  bark 
canoes  of  the  Terra  del  Fuegans.  On  the  other  hand,  near  the  mouth 
of  the  Orinoco,  at  the  point  where  the  West  Indies  start  out  from  the 
mainland,  the  Caribs  were  using  seaworthy  vessels,  steered  with  a 
helm  and  catching  the  wind  in  cotton  sails.  They  were  dreaded  pimtes, 
and  had  begun  the  conquest  of  the  Antilles.  Again,  on  the  west  side 
of  North  America  the  coa>«t  assumes  a  fiord-like  character  at  the  strait 
of  Juan  de  Fuca,  precisely  the  point  at  which  the  Indian  tribes  igno- 
rant of  seacraft  meet  with  those  possessing  a  high  degree  of  marine 
attainments.  In  Asia  and  Europe  alike  the  acme  of  nautical  develop- 
ment displays  itself  on  the  most  indented  edges  of  the  continents. 
Among  the  Asiatic  seafaring  peoples  from  Arabia  to  Japan  superiority 
was  achieved  early  by  those  inhabiting  the  vastest  of  tropical  archi- 
pelagos, which  occupies  the  middle  position  in  this  chain  of  countries. 
Here,  among  the  Malays,  the  origin  of  an  excellent  art  of  shipbuild- 
ing uiust  be  sought,  as  well  as  the  starting  point  of  the  enormous 
dispersion  of  the  Malay  i-ace  over  the  crowded  islands  of  the  South 
Sea.  Long  before  the  Christian  era  the  migration  of  the  Malays, 
slowly  consummated,  bad  c'arried  to  all  parh^  of  the  largest  of  the 
oceans  one  and  the  same  type  of  rowboat — slender,  sharp  keeled,  often 
provided  with  bowsprits  as  a  safeguard  against  capsizing,  and  its  sfieed 
increased  by  matting  sails — a  type  which  throughout  the  whole  region 
has  crowded  out  the  awkward,  barrel-form  dugout.  In  such  surround- 
ings develoi>ed  the  Polynesian  variety  of  the  brown  race,  of  all 
branches  of  the  human  kind  the  one  most  intimately  and  most  vari- 
ously connected  with  the  ocean  in  material  and  in  spiritual  life,  even 
as  pictured  in  poetry  and  myth.  These  people  upon  their  tiny  coral 
islands,  always  breathing  the  Imlmy  sea  air,  lead  an  amphibious  life, 
almost  as  upon  ships  riding  at  anchor  on  the  high  seas.  They  learn 
to  swim  earlier  than  to  walk;  as  infants  they  are  carried  upon  the 
arms  of  their  mothers  through  the  frothy  breakers.  Examining  the 
southwestern  part  of  Asia,  the  Indian  and  Ambian  peninsulas,  we 
realize  that  the  never-ceasing  alternation  of  the  monsoons  has  Ik'cu 
the  gencraus  pi-omotcr  of  traffic  on  the  Indian  Ocean.  During  the 
winter  season  of  the  northern  hemisphere,  the  monsoon  steadih-  drove 
the  vessels  to  the  east  coast  of  Africa,  and  in  the  summer  the  same 
force  carried  them  easily  homeward  to  the  Indian  or  Arabian  ports. 
In  these  regions,  then,  earlier  than  elsewhere,  a  profitable  inter- 
course was  established  across  a  vast  ocean  lietween  two  continents 
and  widely  different  races.  Thus  it  came  about  that  the  Indian  bride 
was  adorned  with  ln'acelets  of  African  ivory,  and  the  Indian  iirt  of 
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rice-growing  was  transported  by  slave  dealers  b.<  far  as  the  Kongo. 
Thus  originated  the  Ki-suahili  dialect,  the  Innguage  of  the  Biintu 
negroes  intermixed  with  Arabic  elements,  and  the  commerce,  brisk 
to  this  very  day,  between  German  East  Africa  and  Bombay.  And 
thus  it  is  explained  why  Indian  capitalists  of  large  means  have 
never  ceased  to  live  on  the  coast  under  German  protection.  Finally, 
what  a  brilliant  series  of  nautical  achievements  in  the  course  of 
ages  is  summoned  l>efore  our  mind's  eye  when  we  recall  Greece, 
Italy,  the  Iberian  Ponin^iula,  and  the  Atlantic  coast  lands  of  Europe. 
Navigation  on  the  Mediterranean  was  of  earlier  date,  but  navigation 
on  the  Atlnntic  attained  to  a  higher  stage  of  development  in  antiquity, 
because  it  was  infinitely  more  dangerous  to  wrestle  with  the  ocean 
than  with  the  sea.  Greek  or  Itoman  merchant  vessels  could  not  pre- 
sume to  enter  the  lists  with  the  stout  vessels  of  the  Veneti,  a  Celtic 
tribe  occupying  what  is  now  Brittany.  They  were  built  of  solid  oak 
planks,  their  anchor  chains  were  of  iron,  and  their  sails  were  of 
leather.  The  journej-s  between  Norway  and  Greenland,  accomplished 
for  centuries  by  the  Normans  in  their  great  i-owboats,  their  black- 
tarred  "sea  hoi-ses."  were  more  valiant  achieveuieuts  than  the  pa-ssage 
of  the  Columbus  cai-avels  across  the  quieter  southern  ocean,  with  a 
compass  as  guide.  The  latter,  to  be  sure,  was  fraught,  historically 
considered,  with  more  impoitant  results.  But  it  was  reserved  for 
modern  times  nnd  for  the  four  countries  of  central  location — Fi-ance, 
the  Netherlands,  England,  and  Germany — to  derive  greatest  benefits, 
ill  the  direction  of  world -commerce  and  the  establishment  of  colonies, 
f j-om  their  favorable  position  on  the  shores  of  the  most  frequented  of 
the  oceaus.  To  bring  about  this  unprecedented  rise  of  seamanship,  it 
was  necessary  that  America  should  first  be  revealed  to  the  eyes  of 
Eui-ope  as  a  stimulating  goal.  In  the  New  World,  again,  the  greatest 
attainments  in  modern  naval  architecture  and  sea  traffic  were  reached 
in  those  parts  in  which  endless  forests  supplied  shipbuilders  with  valu- 
able wood,  and  especially  in  those  parts  in  which  the  indented  coast 
line  offered  liays,  inlets,  sheltering  ports  at  the  mouths  of  Tivers,  and 
streams  navigable  many  miles  inwaixl  for  moderate-sized  vessels;  that 
is  to  say,  in  Canada  and  (he  northeastern  part  of  the  United  States — 
another  evidence  that  a  causal  relation  exists  between  the  natural 
opportunities  granted  by  coast  lands  and  the  nautical  activities  of  their 
inhabitants. 

To  invest  this  relation  with  the  compelling  force  of  a  natural  law 
were  inane,  pseudogeographic  fanaticism.  Man  is  not  an  automaton, 
without  a  will  of  his  own.  The  suggestions  thrown  out  by  the  nature 
of  his  birthplace  sometimes  find  him  a  docile,  sometimes  an  indiffcicnt 
pupil.  What  is  now  the  world-harbor  of  New  York  once  served  the 
Indians  as  nothing  Imt  a  hunting  place  for  edible  moUusks.  On  the 
some  rock-bound  coast  that  educated  the  Norwegians  into  intrepid 
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f-ailor:<,  the  Lapps  are  at  present  eking  out  a  paltry  existence  as  fisher- 
men. The  An^lo-SaxoD»,  on  their  arrival  in  Britain,  were  so  absorbed 
by  combats  with  the  native  Celts,  and  later  by  agi'i<Milture  and  cattle 
raising,  that  they  completely  iiliandoned  all  vocations  connected  with 
the  sea.  Alfred  the  Great  had  to  have  his  vessels  hiiilt  in  (lermao 
dockyards.  To  this  day  few  of  the  inhabitants  of  the  Cyclades  take 
to  a  life  upon  the  sea;  they  plant  wheat,  cultivate  the  vine,  or  pasture 
their  goats.  Since  the  Dutch  have  become  affluent,  the  nautical  activi- 
ties cnei^etically  prosecuted  by  their  ancestors  in  more  straitened 
circumstances  have  fallen  into  neglect,  and  in  the  Belgian  provinces 
of  Flandei-s  and  Brabant,  the  Netherlander,  more  easily  winning  a 
subsistence  on  his  fruitful  soil  by  agriculture,  industries,  and  domes- 
tic trade,  has  always  been  apt  to  resign  to  foreigners  the  very  consid- 
erable sea  traffic  of  his  country. 

If.  however,  man  ventures  to  pit  his  strength  against  the  elemental 
power  of  the  sea;  If  he  goes  further  and  elects  as  his  vocation  the 
sailor's  struggle  with  storm  and  seething  breaker,  then  the  poet's 
word  in  its  full  significance  may  be  applied  to  him:  "Man's  .'*tature 
grows  with  every  higher  aim."  The  mariner's  tiude  steels  muscle  and 
nen'e,  it  shaipens  the  senses,  it  cultivates  presence  of  mind.  With 
each  new  triumph  of  human  cleverness  over  the  rude  force  of  nature 
it  heightens  the  courageousness  of  well-considered,  fearless  action. 
Observe  the  weather-beaten  countenances  of  our  tars  under  their 
sou'weaters,  how  it  has  become  almost  a  habit  with  them  to  dart 
searching  looks  into  the  di.stance.  Their  manner  is  taciturn,  but 
betrays  efficiency  and  alertness.  No  sooner  are  their  latent  reserve 
powers  challenged  than  the  apparent  sluggishness  of  their  inactive 
moments  is  replaced  by  energy  and  amazing  endurance.  In  those 
countries  in  which,  as  in  Gieat  Britain  and  Norway,  the  sea  attracts 
votaries  from  extended  circles  of  the  population,  and  the  seafarer's 
calling  enjoys  respect  as  a  pillar  of  the  commonwealth,  the  admirable 
traits  of  the  seaman's  chara<'ter  stimulate  wholesome  imitation  even 
among  the  landsmen,  an  effect  that  is  heightened  when  the  coast  is  but 
little  removed  from  the  interior,  so  that  seacraft  in  all  its  clearly 
defined  peculiarity  i.s  present  to  the  minds  of  the  people.  Further- 
more, if  in  the  wake  of  greater  intimacy  with  the  ocean,  and  through 
it  with  all  parts  of  the  world,  the  ma.sse.s  come  to  entertain  transma- 
rine commerce  and  colonization  schemes  as  familiar  notions,  as  so 
often  happens  in  the  great  nations  that  are  the  bearers  of  civilization, 
then  the  people  as  a  whole  fall  heir,  in  large  part,  to  the  sailor's  fresh, 
venturesome  spirit;  to  his  daring  courage  and  his  wide  intellectual 
horizon,  enlarged  by  contact  with  foreigners.  A  typical  illustration 
of  this  truth  is  affoixled  by  the  conti'ast  between  the  Spartans  and  the 
Athenians  of  ancient  times — the  former,  brave  hut  narrow-minded, 
living  a  conservative  life,  walled  in  by  the  mountains  that  define  their 
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valley  of  the  Eurota:^,  and  further  debarred  from  foreign  traffic  by  the 
artiticial  obstacle  of  iron  coin  not  poisaing  current  abroad;  the  latter, 
the  Athenians,  the  Ionian  race  of  progressive  seamen,  reveling  in  the 
sea  breezes  of  the  -Egpan,  and,  their  ambition  overleaping  the  bound- 
aries of  space,  full  of  the  joyous  desire  of  achievement. 

Primitive  man  in  all  probability  was  Itarely  acquainted  with  the 
ocean.  For  later  generations  it  was  an  object  of  fear  and  terror;  but 
when  men  )>egan  to  inhabit  the  seacoast.  drawing  freely  upon  the 
treasures  of  the  deep  and  making  its  broad  hack  amenable  to  their 
pleasure  in  reaching  distant  shores,  they  approached  it  closer  and 
closer.  Yet  man  never  succeeded  in  confining  the  sea  in  the  fetters  of 
slavery;  on  the  contrary,  he  came  to  worship  it  as  a  creative  deity. 
The  entrancing  beauty  of  the  sea  when  in  calm  weather  the  sails  glide 
peacefully  atTOSs  its  mirror-like  surface,  genially  reflecting  by  day 
the  brilliance  of  the  sun,  and  by  night  the  silvery  sparkle  of  the  star- 
.studded  sky;  or,  when  the  storm  whips  up  the  waves,  flaming  streaks 
of  lightning  flash  through  the  livid  dullness  of  cloud  and  water,  the 
breakers  beat  against  the  precipitous  rock,  and  the  vessel  is  tossed 
about  by  the  tempest;  and  again,  when,  after  the  gale  subsides, 
natuie  is  once  more  serene,  and  deepening  colors  in  manj'-hued  play, 
never  seen  in  such  perfection  on  land,  are  shed  harmoniously  over  sea 
and  sky.  All  this  not  only  inspired  poetic  descriptions  in  Homer's 
and  Ossian's  epics,  it  reechoes  in  accents  true  to  nature,  in  the  simple 
lyrics  improvised  by  the  strand  folk;  and  the  painters  of  all  seafaring 
nations  that  have  attained  to  distinction  in  art  have  intuiortnlized  the 
awe  of  man  at  first  sight  of  the  grandeur  of  the  ocean. 

Clo.scness  to  the  sea  has  powerfully  promoted  science  and  technical 
skill,  if  only  by  urging  lioth  the  construction  of  necessary  vessels  and 
steady  improvement  in  the  art  of  building  them.  To  adduce  the  com- 
pletest  instance,  how  multifarious  have  been  the  applications  of  scien- 
tific principles  and  the  demands  made  upon  technical  ingenuity  since 
the  nineteenth  century  created  the  steamboat,  which  enables  man  to 
ci-oss  the  ocean  in  the  face  of  wind  and  tide.  The  effort  to  make  navi- 
gation as  secure  as  possible  has  indirectly  had  a  furthering  influence 
upon  a  large  nunilter  of  the  sciences.  On  the  Caroline  Islands  there 
are  still  living,  hoaiy  with  age,  a  few  members  of  the  renwrkable 
guild  in  which  certain  astronomical  knowledge  valuable  in  steering 
boats  was  hereditary.  It  knew  accurately  tlie  position  of  the  fixed 
stars  with  regard  to  the  siuumcr  and  the  winter  horizon,  and  at  the 
same  time  it  had  a.  more  precise  acquaintance  with  the  relative  situa- 
tion of  islands  for  many  miles  around  than  the  geogmphy  of  the  civil- 
ized nations  contemjKjrary  with  it  could  boast.  To  Italian  navigatoi-s 
our  sea  service  owes  the  introduction  of  the  comiwi-^s,  liased  upon  the 
peculiarity  of  the  magnetic  needle,  first  noticed  in  China.  Not  only 
has  the  '.ompass  kept  numberless  vessels  from  straying  out  of  their 
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cour^sc  in  starless  nights  and  foggy  weather,  but  ivithout  the  huge 
niasM  of  observations  seumen  had  made  in  all  zones,  by  means  of  the 
compass,  a  Gauss  could  not  have  grappled  sut-cessfulty  with  the  prob- 
lem of  the  magnetism  of  the  earth.  And  if,  hundi-eds  of  years  ago, 
the  surveyors  in  the  Clausthai  mines,  consulting  their  compass  by  the 
light  of  the  miner's  lamp,  laid  out  their  subterranean  corridors  with 
unhesitating  certainty,  then,  verily,  this  is  a  cultural  echo  of  tumul- 
tuous waves  dying  away  in  the  womb  of  mountains  far  removed  from 
the  sea. 

But  it^  supreme  gift  to  man  lies  in  the  fact  that  the  ocean  alone 
affoixled  him  a  possibility  of  becoming  acquainted  with  the  globe  as  a 
whole;  it  unveiled  the  face  of  the  earth  for  him.  Knowledge  of  every 
part  was  followed  by  ti'ade  with  every  part,  uniting  the  economies  of 
single  nations  and  sets  of  nations  into  a  world  economy.  Finally,  by 
means  of  universal  commerce,  such  as  only  the  all-em bmcing  ocean 
can  create,  the  oiden  separateness  of  the  human  races  according  to 
their  native  continents  was  wiped  out,  and  the  first  steps  were  taken 
toward  a  spiritual  alliance  comprehending  the  whole  of  mankind. 
That  this  consummation  should  have  been  brought  alntut  primarily 
thi-ough  world  (•ommerco  is  due  to  the  not  wholly  evil  power  of  the 
desii*e  for  gain.  Nearly  two  thousand  years  ago  Strabo  watched  sea- 
men risk  their  lives  on  the  tossing  billows  of  the  high  seas  while 
transferring  wares  destined  for  Rome  from  mei-chant  vessels  to  light- 
era,  because  even  then  the  Tiber  was  too  shallow  for  heavy  navigation, 
and  he  exclaimed,  "Verily,  'he  desire  for  gain  overcomes  all  difficul- 
ties." Since  time  out  of  mind  the  ocean  opened  up  to  man  the  free  t 
and,  what  is  of  pai-aniotEut  importance,  the  che;ipest  paths  around  the 
tlobe.  Fi'om  mines  in  the  province  of  Sha  tung  we  shall  soon  be 
in  a  position  to  deliver  cheaper  anthracite  coal  at  Tsingtau  than  could 
be  offered  for  sale  there  if  brought  ifom  England.  On  the  other  h\nd, 
Milan,  nut  to  speak  of  the  Italian  coast,  is  too  distant  by  the  overland 
TOute  for  German  coal  to  supplant  En  lish  coal,  l>ecause  the  latter  can 
be  tiHns]M)rted  by  sea  almost  directly  from  the  mines.  Italian  oranges 
can  ho  bought  for  less  in  Hamburg  than  in  Munich  or  Vienna,  as 
freight  by  sea  fi"om  Sicily  to  Hambui^  is  not  so  costly  as  freight  by 
land,  say,  from  Hamburg  to  Berlin.  On  account  of  the  low  freight 
charges,  trade  I  y  sea  is  everywhere  most  lucrative.  In  order  not  to 
shorten  the  inexjjensive  sea  route  unnecessarily  by  a  ^ingle  kilometer, 
the  great  seaiK»its  have  arisen  in  the  innermost  reces-iCw  of  ocean 
sinuses.  So  enormous  is  the  profit  derived  from  world  commerce  by 
sea  that  it  j'ields  enough  to  furnish  the  vast  sums  swallowed  by  the 
construction  of  vessels  and  needed  to  reward  the  bard  labor  of  the 
gallantcrews  who,  far  away  from  home,  are  exposed  to  constant  peril, 
biddin  •;  deliance  even  to  the  dread  typhoon. 

"Unfruitful"  Homer  c-alled  the  sea.     Yet  what  a  wealth  of  treasure 


398  THE   SEA    IN   THE   LIFE   0¥   THE   NATIONS. 

it  lihowers  upon  man  tvoni  out  of  its  never-exhausted  fund,  and  moi'e 
still  by  carrying  to  his  feet  the  products  of  the  whole  earth  with  the 
smallest  conceivable  injury  to  theic  marketable  value.  The  countries 
situated  on  the  i^eacoast,  eapecially  in  the  temperate  zones,  where 
devotion  to  work  is  at  \t»  intcnsest,  are  witness  to  this  truth.  The 
busiest  cities,  serving  world  commerce  as  seaports;  the  whanes;  the 
industrial  centei-s,  desiring  to  have  at  first  hand  the  raw  material  pro- 
duced in  foreign  ports,  are  connected  by  a  chain  of  smaller  coast 
settlements,  which  likewise  depend  in  part  utwri  sea  commeixe  or  upon 
the  coasting  trade  and  the  fisheries,  and  are  usually  surrounded  by 
well-cultivated  fields,  fertile  by  reason  of  the  mild  sea  breezes  wafted 
over  them.  It  is  the  more  easily  attained  prosperity  that  lures  men 
to  the  coast.  Therefore  islands,  as  compared  with  the  neighboring 
mainland,  and  smaller  islands — conditions  on  the  whole  being  equal — 
as  compared  with  larger  ones,  are  distinguished,  in  consequence  of 
their  relatively  greitter  coast  allotment,  by  greater  populonsnoss. 
Wherever  land  and  sea  touch  each  other,  there,  naturally,  aie  most 
apparent  the  blessings  which  the  sea  l>estows  upon  mankind. 

Finally,  let  us  cast  a  rapid  glance  at  the  political  importance  of  the 
sea.  Frani  what  has  been  said  it  is  obvious  that  every  State,  as  soon 
as  it  realizes  the  advantages  of  sea  life  to  its  citizens,  will  strive  to 
extend  its  territory  to  the  sea,  though  it  should  only  secure  so  tiny  a 
strip  of  coast  as  Montenegro  recently  obtained  on  the  Adriatic,  He 
who  has  one  foot  planted  on  the  c  ast  can  dispatch  his  vessels  over  the 
whole  earth.  With  but  a  single  port,  to  what  a  commanding  position 
in  sea  commeree,  in  dominion  over  the  sea,  and  in  colonizati  n  as  far 
as  the  most  distant  shores  of  the  Black  Sea,  did  Miletus  attain  in 
antiquity  and  Genoa  in  the  Middle  Ages.  Switzerland,  founded  in  the 
heart  of  Europe  on  the  Alpine  Imttlements,  comes  to  mind  as  the  only 
one  and  as  a  remarkable  example  of  a  State  carrying  on  trade  with  the 
whole  world  by  means  of  the  vigorous  industrial  enterprise  of  its  cit- 
izens, though  it  can  never  hope  to  acquire  coast  possessions.  But. 
when  disposing  of  her  products  and  transporting  them,  how  painfully 
Switzerland  feels  her  dependence  upon  the  customs  regulations  and  the 
railroad  rates  prevailing  in  the  four  great  powers  encircling  her. 
Russia,  on  the  other  hand,  aff  rds  the  most  striking  instance  in  historj' 
of  a  State  purely  inland  in  origin  advancing  with  conscious  intent, 
step  by  step,  to  the  shores  of  all  the  seas  in  its  surivaundings  and 
attaching  them  to  itself  until  its  Imnners  wave  from  the  Baltic  to  the 
Yellow  Sea. 

But  the  best,  indeed  the  most  indisi>ens8ble,  gifts  of  the  sea  to  the 
state,  as  such,  are  these  three:  independence,  unity,  and  plenitude  of 
power.  Katzel  properly  points  out  that  the  sea  is  absolutely  uninhab- 
itable, hence  constitutes  the  securest  defense  of  a  state.  How  much 
less  guaranteed  would  the  freedom  of  the  greatest  republic  seem  if 
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the  United  States  had  not  won  the  Paciti<'  in  addition  to  the  Atlantic 
littoral.  A  state  with  seagirt  territory,  like  Great  Britain,  Japan, 
and  now  Australia,  the  new  i.sland  state,  c-an  be  assaulted  only  in  spots, 
with  bloi-kading  fleets.  It.v  the  preponderance  of  her  sea  front,  France 
seems  better  protected  than  Germany.  In  the  same  way  friendly 
intercourse  can  penetrate  only  here  aiid  there,  at  given  points,  to  the 
interior  of  a  state  limited  liy  a  cou,st  line.  Therefore,  state  boundaries 
marked  by  the  sea  arc  ethnicall}'  more  definite  than  the  vaguer  lines 
on  land,  and  in  this  respect  superior  to  them.  They  are  a  better  aid 
in  promoting  and  maintaining  the  unification  of  mixed  races  into  a 
single  nation.  History  affords  a  solitary  example  of  the  reverse;  the 
Mediterranean,  surrounded  by  the  provinces,  instead  of  itself  sur- 
rounding them,  wan  the  power  that  tound  and  kept  together  the  ele- 
ments composing  the  mighty  world-empire  of  Rome.  Incessantly  the 
ocean  brings  unity  and  power  from  without  to  all  .-states  upon  whose 
edges  it  broak.%  and  which  understand  its  admonishing  call.  Greece 
and  the  ApenninePenin,sula,  with  their  mountainous  interior,  transfer 
the  better  part  of  their  traffic  to  the  coasting  trade,  which  day  by  day 
brings  inhabitants  and  possessions  from  the  north  into  contact  with 
those  of  the  south,  heightening  the  community  of  interests,  and  at  the 
same  time  leading  the  mind  constantly  lieyond  the  home  shores  of  the 
high  seas. 

More  than  anything  else  sea  trade,  together  with  every  sort  of 
activity  demanding  transmanne  effort,  whether  it  be  vast  industrial 
enterprises,  technical  achievements  on  sea,  or  colonization,  establishes 
an  intimate  connection  between  a  nation  and  the  great  world.  At  the 
same  time  it  welds  together,  in  indissolul)le  union,  the  interior  of  the 
.•*tate  with  it-i  coast  provinces,  the  imly  paths  along  which  lively  exchange 
is  effected  with  foreign  (wirts.  .\s  with  hummer  blows,  it  brings  home 
the  reidizntion  of  kinship  and  unites  the  parts  into  a  whole.  We  Ger- 
mans fwl  this  more  strongly  now  than  ever.  No  Hohenstanfen  will 
again  turn  his  back  indifferently  upon  the  German  coasts,  to  cross  the 
Alps  and  lead  camimigns  against  Rome.  No  Hanseatic  League  of 
to-day  would  have  to  lower  its  Aug  in  displeasure  for  Im-k  of  imperial 
protection  of  its  glorious  deeds.  A  fleet  of  ironclads  flouting  the  Ger- 
man imperial  banner,  and  growing  day  by  day,  guards  our  merchant 
marine  on  all  the  seas,  and  to  the  furthermost  shores  within  and  beyond 
the  territory  under  our  protection  it  extends  its  sheltering  arm  over 
every  honest  enterprise  undertaken  by  German  citizens.  Thus, 
defended  from  hostile  injury,  the  goods  of  the  world  acquired  by  Ger- 
man industry  flow  over  the  threshold  of  the  sea  into  all  the  provinces 
of  our  land,  nusing  the  prosperity  of  our  [leoplc  to  heights  never 
beforeattained,  widening  its  spiritual  horizon,  and  fostering  the  power 
of  the  state.  The  glory  of  the  Geraian  Empire  lies  firmly  anchored 
in  the  ocean. 
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Fio.  1 .— Clearing  of  Western  FnoNTiEd,  Washinoton. 


FiQ.  2.— Red  Fir  reoccurvinq  an  abandoned  Field.  Washinqton. 
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-NOTES  ON  FOREST  DESTRUCTION. 

By  GiFFORD  PiNCHOT. 


The  point  of  view  of  the  agricultural  settler  in  anj'  forest  region, 
whether  in  the  United  States  or  elsewhere,  is  that  of  hostility  to  the 
timber  which  limits  and  confines  bis  industry.  To  get  rid  of  the  tim- 
ber with  htm  means  expansion,  progress,  and  well-being.  As  settle- 
ment progresses  and  the  forests  disappear,  a  second  phase  of  opinion 
crj'stallizcs  and  becomes  effective.  Its  center  of  distribution  is  in  the 
towns  or  cities,  and  it  is  largely  concerned  with  purely  sentimental 
considerations.  This  school  of  thought  regards  the  preservation  of 
the  forest  as  an  unmixed  good  with  the  same  unyielding  depth  of  con- 
viction which,  among  the  early  settlers,  marked  the  opinion  that  its 
existence  was  an  unmixed  evil. 

From  the  point  of  view  of  national  progretis  the  one  opinion  is  as 
mistaken  as  the  other.  Both  are  likely  to  be  survived  by  that  phase 
of  thought  which  regards  forest  protection  as  a  means^not  an  end; 
which  contends  that  every  part  of  the  land  surface  should  be  given 
that  use  under  which  it  will  contribute  most  to  the  general  prosperity, 
and  the  purpose  of  whose  action  is  best  phrased,  in  the  langu^^  of 
President  Roosevelt,  as  *'the  perpetuation  of  forests  by  use."  The 
essential  reasonableness  of  this  point  of  view  is  gaining  recognition 
among  the  adherents  of  both  the  schools  of  thought  which  preceded  it, 
and  is  doing  more  than  any  other  single  factor  to  call  attention  to  the 
wastefulness  of  forest  destruction  and  to  emphasize  the  essential  prac- 
ticability of  conservative  foi-estry. 

As  a  bi-oad  general  rule,  subject  to  many  exceptions,  it  may  be  said 
that  the  destruction  of  a  forest  on  land  better  adapted  for  foiestry 
than  agriculture  is  not  likely  to  be  more  than  temporary  in  character. 
Ultimately  the  forest  will  return,  but  the  time  which  must  elapse 
between  the  destruction  of  a  foreat  and  the  reappearance  of  the  same 
type  of  forest  on  the  same  ground,  however  brief  geologically,  is 
often  of  appalling  length  from  the  human  point  of  view. 

Thus,  great  areas  of  land  in  New   England,  once  cleared,  are  now 

returning,  through  the  gradual  spread  of  the  forest  in  old  pastures  and 

OD  abandoned  hillsides,  to  a  wooded  condition.     The  type  of  forest 
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that  was  destroyed  may  be  slow  in  returning,  even  after  the  forciit 
condition  is  established,  and  great  lengtli  of  time,  in  tens  or  hundreds 
of  years  of  useful  growth,  may  be  lost;  but,  in  the  great  majority  of 
cases,  the  type  of  forest  once  best  adapted  to  the  land  ^ill  clothe  it 
again. 

The  destruction  of  a  forest  through  fire  or  otherwise  brings  about 
two  results.  In  the  first  place,  it  disturbs  the  general  balance  of 
nature,  sets  free  geological  activities  which  were  previously  held  in 
check,  and  begins  a  long  process  of  readjustment.  In  the  second 
place,  it  profoundly  modifies  the  vegetation  for  a  longer  or  shorter 
term  of  years,  both  before  and  aftei'  the  foi'est  condition  is  restored. 

The  chief  geological  ^ent  set  at  work  by  forest  destruction  is 
water.  We  are  already  well  persuaded  in  general  of  the  effect  of 
forests  on  the  flow  of  streams.  Yet  an  illustration  which  1  may  bor- 
row from  an  unpublished  paper  by  Mr.  Filibert  Roth  will  serve  to  set 
the  matter  in  a  clear  light.  If  an  ordinary  desk  or  table  be  tilted  and 
water  is  sprinkled  on  its  surface,  the  water  speedily  runs  off.  If  the 
tilted  table  is  covered  with  an  inch  or  two  of  loose  soil,  the  water 
falling  upon  it  Is  at  first  somewhat  retaixled  in  itS  journey  to  the  lower 
edge;  hut  soon  not  only  does  it  find  its  way  there  with  mpidity,  but  it 
caiTies  with  it  relatively  large  amounts  of  soil.  As  yet  no  i-eservoir 
has  been  established  on  the  sloping  surface.  If  now  a  layer  of  cotton 
Imtting,  which  we  may  liken  to  the  mat  of  de<»ying  leaves  and  twigs 
which  constitutes  the  foi'est  floor,  be  laid  on  the  surface  of  the  soil 
erosion  ceases,  the  water  which  falls  sinks  gently  into  the  soil,  and 
the  soil  on  the  surface  of  the  table  has  become  in  effect  a  i-eservoir  for 
the  temporary  retention  of  water.  Such  a  reservoir  will  continue  to 
give  out  water  long  after  the  i-ain  has  ceased  to  fall. 

Over  large  areas  of  our  country,  especially  in  the  far  West  and  in 
the  Southern  Appalachians  in  the  Kast,  the  water-conserving  property 
of  the  forest  is  for  the  present,  and  is  likely  long  to  continue,  its  most 
important  one.  In  addition  to  the  loss  of  water  by  promoting  its 
useless  waste  in  floods  there  is  the  loss  of  the  soil  itself.  Fertile  soil 
is  the  product  of  long  geological  processes  and  is  perhaps  the  most 
valuable  asset  of  any  nation.  Foi'est  destruction  tends  to  convert  the 
soil  of  productive  fields  into  costly  and  dangerous  bars  at  the  mouths 
of  rivet's  and  harbors,  by  permitting  its  transportation  by  water  to  the 
sea.  The  washing  away  of  cleared  soil  is  proceeding  with  astonishing 
rapidity  in  many  parts  of  the  country.  The  damage  is  most  visible 
in  the  gullying  of  bilhides,  but  it  is  not  less  destructive  in  the  removal 
of  the  surface  soil  without  gullying,  where  heavy  rains  and  smooth 
steep  slopes  make  the  process  possible.  Estimates  of  the  loss  from 
this  source  have  been  made,  notably  l)y  Professoi'  Shalev,  of  Harvard, 
but  it  is  suflicient  to  »ay  here  that  the  damage  is  on  a  gigantic  scale 
and  that  it  is  steadily  increasing  in  the  United  States. 
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Fia.  1.— Dam  filled  with  Silt,  Arizona. 
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BENEATH  Potior  on  burned  Land,  Adirondacks. 


FiQ.  2.— LoDOEPOLE  Pine  ano  Quakinq  Aspen  on  burned  Land,  Colorado. 
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The  forest  is  then  the  great  moderator  of  geological  action  by  trans- 
portation and  here  it  renders  one  of  its  greatest  Bervices  to  man. 
Another  nervice,  indicated  but  not  yet  fully  explained  by  observations 
already  made,  is  the  preparation,  on  land  suitable  for  agriculture,  of 
fertile  soil  for  human  use.  The  introduction  of  decaying  vegetable 
matter,  with  the  resulting  liberation  of  carbonic-acid  gas  at  consider- 
able depths  in  the  mineral  soil  when  roots  die.  is  one  of  the  means. 
Another,  far  more  frequent,  geologically  speaking,  tiian  is  apt  at  £1*31 
glance  to  appear,  is  the  plowing  of  forest  soil  by  the  wind.  This 
takes  place  when  trees  are  overturned  and  their  rootH  carry  with  them 
to  the  surface  considerable  quantities  of  mineral  !M)il  as  yet  little 
mixed  with  vegetable  matter.  Into  the  hollow  from  which  this  9oil 
came  the  leaves  are  washed  and  blown.  Small  quantities  of  humus 
lind  their  way  in  from  the  edges  and  a  deposit  of  fertility  is  made  a 
foot  or  two  Of  three  below  the  general  level  of  the  surface.  When  once 
the  attention  has  been  called  to  it,  the  frequency  of  the  little  mounds, 
which  remain  long  after  the  tree  itself  has  entirely  rotted  away,  is  seen 
to  be  very  great.  Positive  information  is  yet  lacking  by  which  to 
judge  of  the  total  effect  of  this  curious  function  of  the  forest. 

The  second  effect  of  temporary  forest  destruction  is  to  produce  what 
may  be  called  the  preliminary  vegetation  and  afterwards  to  modify  the 
character  of  the  foi-est  itself  when  the  latter  finally  retui-ns.  Take,  for 
example,  a  recently  burned  area  in  the  Adirondacks.  The  sui-face,  if 
not  too  rocky  in  character,  is  densely  occupied,  within  a  year  or  two, 
with  lire  cherry,  raspberries,  and  similar  short-lived  vegetation.  In 
the  -shadow  of  these  forerunners  young  trees  start,  but  they  are  of 
comparatively  woithless  kinds.  Fire  cherry  and  poplar  are  usually 
the  most  common  species.  Short-lived,  rapidly  growing  trees  of  little 
value  in  tbcmselvcN,  their  principal  use  is  to  prepare  a  seed  bed  in 
which  the  needs  of  spruce  and  pine,  maple  and  birch  may  germinate 
and  then  pass  through  their  delicate  infancy  under  the  protective 
shadow  of  trees  which  will  disappear  usually  before  their  competition 
has  l>ecome  seriously  dangerous,  and  sustained  by  the  rich  humus  they 
have  prepared.  These  are  the  wise  nurses  of  the  new  forest,  which 
retire  when  their  charges  are  old  and  strong  enough  to  shift  for  them- 
selves. In  the  Ro(;ky  Mountains  the  lodgepole  pine  and  the  quaking 
aspen — the  latter  one  of  the  trees  called  poplar  or  popple  in  the  North- 
east— are  the  principal  nurses  of  more  valuable  kinds.  Both  form 
pure  stands  of  their  own  and  both  attain  subordinate  commercial  value. 
The  lodgepole  is  spreading  over  enormous  areas  through  the  agency 
of  fire,  and  with  the  disappearance  of  fire  it  will  gradually  but  inevi- 
tably lose  its  hold. 

Not  all  trees  require  nurses  when  their  elders  have  been  burned  or 
cut  away.  Conspicuous  exceptions  are  the  red  fir  of  Washington  and 
Oregon,  the  redwood  of  California,  and  over  lai^e   stretches  from 
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South  Dakota  to  New  Mexico  and  from  Colorado  to  Ciilifornia,  the 
Western  yellow  pine.  These  trees  replace  themselves.  The  loss  from 
their  destruction  is  to  be  measured  in  the  fertility  of  the  soil,  in  its 
water-storing  power,  and  in  amount  of  production  measured  by  time. 

That  a  manufacturing  plant  should  remain  idle  is  instantly  recog- 
nized as  a  loss  to  any  community.  The  forest  is  a  manufacturing 
plant  for  the  production  of  wood.  That  a  forest  soil  should  remain 
idle  from  the  production  of  trees,  or  should  produce  but  a  part  of  the 
wood  it  is  capable  of  making,  is  as  clearly  detrimental  as  for  a  factory 
to  be  shut  down  or  to  be  occupied  but  half  the  working  days. 

About  one-third  of  the  total  stand  of  forests  in  the  State  of  Wash- 
ington when  white  men  came  there,  has,  since  their  arrival,  been 
destroyed  by  fire,  A  very  large  part  of  this  area  is  still  producing 
but  a  fraction  of  the  wood  which  it  is  capable  of  growing.  The  situa- 
tion of  such  a  forest  may  be  likened  to  that  of  a  machine  shop,  fitted 
to  produce  shafts,  cog  wheels,  and  other  mechanical  de\ices,  the  owner 
of  which,  when  he  wanted  a  shaft  or  a  wheel,  should  remove  one  from 
the  machinery  of  the  shop  instead  of  usin^r  the  shop  to  produce  what 
he  wanted.  Forestry  assumes  and  as.sci'ts  that  forests  may  he  used  for 
the  production  of  wood  without  endangering  or  reducing  their  pro- 
ductive capacity.  That  this  i.s  so,  and  that  forest  destruction  is  a  use- 
less waste,  is  being  rapidly  understood  throughout  the  United  States, 
When  it  is  not  only  understood,  but  generally  acted  upon,  »s  is  now 
being  done  by  some  of  the  most  progressive  among  the  lumbciinen 
and  other  forest  owners,  the  situation  in  forestry  will  be  secure. 
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'J'he  destruction  of  a  forest  is  inevitably  followed  by  a  pix>found 
modilication^amounting  often  to  annihilation — of  the  forest  fanna 
and  tlora.  It  goes  without  saying  that  when  the  trecu  are  gone  the 
birds  that  live  in  the  trees,  as  nuthatches,  creeperH,  woodpeckei-s,  war- 
blere,  vireos,  jays,  chickadees,  and  the  like,  and  tree-loving  mammal.s, 
as  the  arboreal  squirrels,  opossums,  raccoons,  martens,  and  others,  can 
no  longer  exist. 

But  a  foi-est  fauna  is  by  no  means  restricted  to  the  species  that  live 
in  trees.  In  most  forests  the  ground  is  covered  and  pi-otected  by 
bushes  and  smalt  plaifts,  which  for  successful  growth  and  reproduction 
require  both  shade  and  moisture,  and  which  in  turn  furnish  food  and 
shelter  to  many  kinds  of  animals.  When  the  forest  is  destroyed,  par- 
ticularly in  regions  of  scanty  rainfall,  the  iindershrubs  and  other  forms 
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of  lowly  ve'^iation  wither  and  die,  and  the  funiiri  of  animal  life  depend- 
ent on  ti.e  shelter  thiw  afTorded  arc;  either  destroyed  or  driven  away. 
It  often  happens  that  this  under  vegetation  is  swept  away  by  lire  or 
devoured  and  trampled  by  sheep  withont  immediate  serious  injui-y  to 
the  trees.  Persons  familiar  with  the  foresits  of  our  western  mountains 
do  not  need  to  l»e  told  that  where  sheep  have  been  allowed  to  proze  for 
several  yeai-s  the  undei-vepetation  is  de.stroyed  and  the  surface  of  the 
ground  (inverted  into  an  absolutii  desert,  although  the  trees  remain. 
In  these  oases  the  extermination  of  the  fauna  and  flora  is  almost  as 
complete  as  if  the  forest  itself  had  l«cn  consumed.  In  other  words, 
the  forest  fauna,  consisting  in  the  main  of  species  dependent  on  the 
protection  and  food  afforded  by  the  smaller  plants,  ean  not  exist  when 
thej«!  plants  are  removed.  This  is  true  not  only  of  a  host  of  insects 
and  other  lowly  forms  of  animal  life,  *but  also  of  most  reptiles  and 
mammals,  and  many  birds.  Birds  that  nest  on  the  ground  or  in  logs 
or  shrubbery,  such  as  grouse,  sparrows,  thrushes,  wrens,  and  others, 
are  completely  exterminated  by  tire,  sheep  grazing,  and  other  agencies 
which  destroy  the  undervegetation.  The  same  is  true  of  mammals, 
for  the  numerous  kinds  of  mice,  shrews,  chipmunks,  ground  squirrels, 
wood  i-abbits,  weasels,  and  others  that  are  dependent  on  the  under- 
vegetation of  forests  disappear  when  this  shelter  is  removed. 

It  follows  that  preservation  of  the  forests  implies  preservation  of 
the  native  flora  and  fauna.  Hence  the  movement  now  on  foot  to  set 
aside  certain  forest  reserves  as  permanent  game  preserves  is  worthy 
of  the  earnest  support  of  all  who  have  at  heart  the  welfare  and  per- 
petuation of  our  forest  fauna. 
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By  F.  H.  Newell, 
Hyilrographer,  (,'.  .S'.  GtoUi^eid  Survey. 


With  the  cessation  of  Indian  wars  and  of  daily  news  of  frontier 
strife,  the  people  of  our  country  have  come  to  regard  the  United 
States  aa  settled  and  no  longer  affording  opportunity  for  notable 
expansion  of  internal  resources.  It  is  true  that  the  frontier  of  civili- 
zation \i!Lsi  disappeared  as  regards  tlie  United  Sbites  pi'oper,  and  inter- 
est in  the  waHare  between  the  white  settler  and  the  Bav^^e,  or  native 
occupant  of  the  Boil,  has  been  transferred  to  outlying  possessions. 
Civilization  in  its  march  across  the  Mississippi  Valley  to  the  Rocky 
Mountains  has  reached  the  Pacific  coast  (PI.  I),  but  in  so  doing  took 
rapid  strides  across  a  third  of  the  continent  and  left  but  few  footprints 
on  its  coui-se.  Now,  at  the  beginning  of  the  twentieth  century,  when 
we  come  to  take  account  of  the  progress  made,  we  are  sui-prised  to  find 
that  one-third  of"  the  whole  United  States  retnains  vacant  land,  still 
l>elonging  to  the  people  as  a  whole  and  at  the  dispotal  of  Congress. 

The  question  may  well  be  asked,  Why  is  it,  with  the  keen  desire  for 
land  ownership  possessed  by  the  Ameritran  people,  that  this  one-third 
of  the  United  States  should  be  left  untouched?  The  soil  is  known  to 
be  as  fertile  as  that  of  any  part  of  the  globe,  and  the  land  laws  are 
extremely  liberal,  so  that  there  is  no  difficulty  in  securing  title,  and 
farms  can  be  had  almost  for  the  asking. 

The  anomalous  condition  exists  that  although  one-third  of  the 
United  States  proper,  excluding  Alaska  and  outlying  posse-ssions, 
consists  of  vacant  public  land  (as  shown  in  fig.  1),  yet  there  is  no 
longer  an  outlet  for  the  homeseeker  upon  these  lands.  In  the  past  the 
va.st  unoccupied  puhlic  domain  has  ser\'ed  as  an  outlet  for  surplus 
labor  and  has  afforded  scope  for  the  energies  of  thousands  of  young, 
able-bodied  men,  wh»,  while  without  financial  means,  have  had  the 
ambition  to  become  landowners  and  to  grow  up  with  the  increasing 
development  of  a  new  country. 

After  the  close  of  the  Civil  War  and  at  times  of  great  industrial 
depression,  when  men  sought  an  opportunity  to  earn  their  daily  living 
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and  the  dooi-a  of  factories  and  iiia<-hine  whops  were  closed,  there  was 
a  steady  stream  uf  pioneers,  representinfr  the  best  of  the  bone  and 
muscle  of  the  country,  going  out  upon  the  hroad  plains  and  prairies, 
building  up  substantial  communities  and  expanding  within  our  own 
borders  the  urea  of  the  highest  type  of  civilization.  All  this  han 
passed  away.  There  are  no  longer  to  be  seen  the  prairie  schooners  and 
the  emigrant  wagons  filletl  with  household  goods,  with  the  children  on 


top  or  trailing  Imhind,  Only  the  Pike  County  wanderer,  who  is  always 
seeking  something  better,  \n  still  to  Ih3  found  pursuing  his  aimless 
search  for  the  promised  land,  It  is  true  that  the  railroads  have  done 
away  with  the  necessity  for  the  overland  journey,  but  the  railroads 
cover  only  a  very  small  extent  of  the  vast  inland  empire  of  the  United 
States.  Sti'etches  of  hundreds  of  miles  of  vacant  public  land  lie 
between  the  railroads,  but  across  these  fertile  plains  the  homeseeker 
no  longer  tmvels. 
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It  18  not  because  there  ia  lack  of  land,  for  in  the  Western  States 
and  Territories  there  are  over  500,000,000  acres  still  vacant,  much  of 
it  having  the  richest  soil  of  any  in  the  United  States.     It  is  not  li^cause 


»,    [Cumparitig  Ihls  with 
11.] 

the  pioneer  spirit  no  longer  prevails,  for  the  country  is  as  full  of 
adventurous  spirits  a^  ever,  and  it  requires  mei-ely  the  intimation  that 
some  Indian  reservation  is  to  be  opened  for  thousands  of  people  to 
gather  to  make  th^  rush  or  try  their  chance  in  a  lottery.  There  is 
plenty  of  land  and  there  are  numberless  people  eager  to  occupy  it 
What,  then,  is  it  that  prevents  their  doing  so?  8imply  the  lack  of 
water.  The  country  is  dry  and  the  oi-dinary  fami  crops  can  not  be 
cultivated  without  an  artificial  application  of  water  at  certain  times 
aud  8 
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It  muat  not  lie  supposed  that  thei'e  is  no  water  to  he  had.  On  the 
contrary,  occasional  storms  occur,  sending  down  vast  quantities  of 
water  and  inundating  the  thirsty  plain.  This  rushes  off  and  in  a  few 
hours  the  channels  of  the  rivers  are  nearly  dry.     There  are  also,  at 
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long  intervals,  large  perennial  .streams,  hut  most  of  thewe  flow  in 
narrow,  deep  canyons. 

The  country  under  discussion  is  not  wholly  uninhabited,  but  at 
nearly  every  spring  and  along  every  river  which  is  not  flowing  in  a 
nari-ow  canyon  there  are  to  he  found  ranches  and  occasional  small 
towns.     All  of  the  easily  available  sources  of  water  supply  have  l>een 
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seized,  and  in  the  aggregate  over  7,500,000  acres  have  l>een  brought 
under  irrigation,  this  being  a  little  over  1  per  cent  of  the  total  area 
of  the  remaining  vacant  landu. 

Not  all  of  this  500,000,000  acres  can  be  irrigated,  for  some  of  it  ia 
mountainous  and  covered  in  part  with  timber  (fig.  3),  other  portions 
are  rough  and  broken,  and  even  if  all  of  the  floods  were  conserved  in 
great  reservoirs  and  all  of  the  rivers  which  could  l>e  diverted  were 
turned  out  from  their  canyons,  there  would  not  be  water  for  more 
than  60,000,000  acres,  or  possibly  100,000,000  aerea;  but  this  would 
be  a  gi'eat  increase — say,  ten  times — over  the  area  now  utilized. 

In  that  portion  of  the  United  States  where  the  vacant  public  lands 
lie,  and  where  farms  and  homes  can  not  be  made  without  irrigation, 
there  are  now  living  3,000,000  or  4,000,000  people.  If  ten  times  the 
amount  of  land  were  irrigated  it  is  possible  that  the  population  would 
be  increased  to  at  least  40,000,000  people,  and  possibly  far  more, 
because  of  the  other  industries  which  would  be  developed  as  more 
land  is  cultivated.  The  mineral  wealth  of  the  region  is  very  great. 
Gold,  silver,  iron,  and  coal  are  now  produced,  the  precious  metaU 
having  special  value.  The  poorer  ores  are  for  the  most  part  neg- 
lected, because  of  the  high  cost  of  transpoi-tation,  labor,  food,  and 
forage.  With  more  land  cultivated  in  scattered  areas  throughout  this 
country  and  with  greater  population  better  transportation  facilities 
must  come,  also  cheaper  food  material,  making  it  possible  to  work 
some  of  the  low-grade  ores.  Great  deposits  which  are  now  pi-actically 
valueless  could  then  be  worked,  affording  employment  for  thousands 
of  men  and  adding  to  the  population  and  wealth  of  the  country.  With 
a  regulated  water  supply,  such  as  that  needed  in  irrigation,  cheap 
water  power  can  be  had,  n"ot  only  for  pumping  water  to  the  fields, 
but  for  various  industries  connected  with  the  handling  and  reduction 
of  the  ores,  and  thus,  one  industry  feeding  another,  the  West  must 
develop  its  wonderful  resources  with  increasing  rapidity. 

But  the  questions  may  well  be  asked,  Why  is  this  not  now  taking 
place  if  there  are  so  many  people  wanting  land,  and  why  is  it  that  the 
settled  area  has  actually  diminished  in  some  portions  of  the  West  and 
population  has  tended  to  concentrate  in  the  towns  J  It  is  be<^ause  the 
irrigatoi's  and  investors  in  irrigation  systems  have  utilized  all  the 
easily  available  sources  of  water  and  have  developed  agriculture  by 
irrigation  nearly  to  the  limit  of  the  capacity  of  the  systems.  They 
have  demonstrated  that  irrigation  is  not  an  experiment,  but  an  assured 
success,  highly  profitable  to  the  man  who  cultivates  his  own  land. 
More  than  this,  they  have  shown  by  numerous  failures  that  rei^lama- 
tion  works  on  a  large  scale  do  not  pay  financially  nor  yield  the  satisfac- 
tory returns  that  the  small  works  have  yielded.  There  are  no  longer 
opportunities  for  small  works,  and  if  the  big  enterprises  can  not  be 
made  soui-ces  of  profit,  what  then  is  to  be  done? 
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Several  instances  can  be  cited  where  corporations  have  I»een  fnniied, 
stocks  and  Wiid.s  issued,  and  a  million  dollars  invented  in  great  ri'cla- 
mation  works,  in  building  reservoirs,  dams,  and  canals,  resulting  in 
increasing  land  values  in  the  vicinity  to  $3,000,000,  yet  the  inveatora 
lost  every  dollar,  because  they  could  not  control  and  bring  to  them- 
selves the  pi-ofits  of  the  enterprise.  These  went  to  the  publii-,  and 
under  existing  conditions  could  not  be  realized  by  the  men  who  took 
the  risk.  The  people  who  bought  stocks  and  bonds  of  irrigation  ent«r- 
prises  are  no  longer  willing  to  play  the  part  of  philanthropist  to  bene- 
fit the  public;  and  they  say  that  "although  the  schemes  offered  are 
equally  enticing  as  those  in  the  past,  we  wtU  not  be  led  into  another 
enterprise  of  this  character."  Hence,  development  has  practically 
ceased,  and  compared  with  what  might  be  done,  the  (wuntry  with  its 
vast  opportunities  seems  almost  stagnant. 

The  following  table  gives  the  extent  of  irrigation  at  the  beginning 
and  end  of  the  decade  1^90-1900,  and  ahowa  the  gradual  increase  of 
this  method  of  tilling  the  soil: 


Area  irrigated. 

S«iU,.odT.rr,.or.«. 

ISBO. 

,2s 
11 
II 

mooo 

70,000 

IMO. 

A^. 

4.116,000 

7,600,000 

Private  enterprise  has  already  accomplished  what  it  can  in  the  utili- 
zation of  the  smaller  atreams,  but  there  atlll  remain  great  rivers  and 
torrential  floods  whose  control  is  beyond  the  possibility  of  individuals 
or  corporations  seeking  profitable  financial  enterprises.  The  work  of 
reclamation,  if  done  at  all,  must  be  through  public  agencies.     (PI.  II.) 

These  facts  have  been  I'ccognized  by  President  Roosevelt  in  his  first 
message  to  Congress,  and  by  his  Secretary  of  the  Interior,  as  well  as 
by  numerous  writei-s  upon  social  and  economic  questions,  who  are 
beginning  to  sound  the  note  of  warning  against  further  delay,  against 
the  policy  of  procrastination,  which  allows  the  speculative  element  to 
gradually  acquire  possession  of  the  places  where  water  can  be  stored, 
and  to  render  difficult  or  impracticable  the  ultimate  reclamation  of  the 
public  land  and  the  creation  of  homes  for  workers. 

President  Roosevelt,  in  his  clear-cut,  decisive  fashion,  has  reached 
to  the  very  heart  of  the  matter  and  haa  recommended  that  the  Gov- 
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ernmcnt,  the  great  land  owner,  should  conatfuct  and  maintain  the 
reservoii?  aa  it  does  other  public  works.  He  says  that  this  is  properly 
a  national  function,  and  that  it  is  as  right  for  the  National  Government 
to  make  the  streams  and  rivers  of  the  arid  region  useful,  by  engineer- 
ing works  for  water  stor^e,  as  it  ts  to  make  useful  the  rivers  and 
harbors  of  the  humid  region  by  engineering  works  of  another  kind. 

There  is  a  widespread  demand  on  the  part  of  the  citizens  of  the 
country,  the  owners  of  this  vast  domain,  for  the  adoption  by  the  (iov- 
ernment  of  some  policy  leading  to  the  ultimate  reclamation  of  the 
West,  such  as  will  permit  the  largest  possible  number  of  homes. 
The  labor  organizations  see  in  this  an  outlet  for  overcrowded  condi- 
tions; the  manufacturing,  jobbing,  and  transportation  interests  of  the 
country  appreciate  the  overwhelming  importance  of  this  great  home 
market;  the  more  intelligent  farmers  see  here  opportunities  for 
homes  for  the  younger  members  of  their  families  and  recognize  that 
the  agricultural  prosperity  of  the  country  rests  largely  upon  increased 
growth  of  manufactui-es  and  consequently  enlai^d  demand  for  prod- 
ucts. The  one  discordant  note  is  from  the  comparatively  few  who 
do  not  understand  that  the  development  of  the  Western  lands  must  in 
any  event  proceed  slowly,  and  that  the  agricultural  products  of  the 
arid  region  do  not  and  never  can  compete  with  those  of  the  East, 
since  the  character  of  th^  crops  and  the  time  when  placed  upon  the 
market  differ  widely  from  those  of  any  other  section  of  the  country. 

The  importance  of  this  potential  competition  is  ovei-stated  by  some 
tlastern  fanners.  They  do  not  appreciate  the  fact  that  wheat,  com, 
and  other  staple  products  of  the  E^t  are  not  raised  by  irrigation,  save 
for  the  most  limited  local  (wnsumption,  and  never  will  be,  because  the 
cost  of  cultivation  under  irrigation  is  such  that  only  the  highest  priced 
products  can  be  raised.  The  citrus  fruits  and  the  green  and  dried 
truiU  differ  from  those  of  the  East,  and  have  in  no  respect  reduced 
the  price  or  limited  the  prcxluct  of  apples,  poaches,  or  any  other  fruit 
of  the  Eastern  States.  For  sugar  beets  the  arid  climate  has  been 
found  especially  suitable,  but  the  amount  raised  under  irrigation,  even 
under  the  most  favorable  circum.stances,  can  not  influence  the  sugar 
market,  )>eing  infinitesimal  in  comparison  with  the  product  of  cane 
sugar  of  Louisiana,  the  Hawaiian  Islands,  or  Cuba. 

The  fear  of  some  of  our  Eastern  farmers  that  the  development  of 
the  arid  West  will  further  reduce  the  value  of  agricultural  lands  and 
pi-oduets  arises  from  a  complete  misappreheneioi;  of  the  subject.  The 
great  increase  in  farming  ai-ea  in  the  United  States  was  from  1880  to 
1890,  in  what  is  known  as  the  North  Central  Division,  including  the 
States  of  Ohio,  Indiana,  Illinois.  Michigan,  Wisconsin,  Minnesota, 
Iowa,  Missouri.  Norih  and  South  Dakota,  Nebraska,  and  Kansas.  The 
impi-oved  area  increased  from  52,000,000  acres  to  184,000,000  aci-es, 
the  principal  increase  being  in  Minnesota,  Iowa,  the  Dakotas,  Nebraska, 
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and  Kansas.  Over  80,000,000  acres  were  brought  under  cultivation 
during  these  thirty  years  in  these  five  States  alone.  The  population 
of  the  United  States  in  1870  was  less  than  40,000,000,  or  abrmt  half 
what  it  is  at  present.  The  most  extraoi'dinary  increase  in  cultivated 
area  was  f  i-om  1875  to  1885. 

This  wonderful  increase  of  improved  acreage  in  the  North  Central 
Division  alone,  of  over  130,000,000  acres  in  thirty  yeai's  (the  popula- 
tion of  the  whole  United  States  being  les^  than  half  what  it  is  now), 
has  had  an  effect  upon  land  values  that  can  never  again  take  place. 
There  is  no  other  area  of  agricultural  land  comparable  to  that  of  the 
Mississippi  Valley.  In  arid  regions  there  are  vast  tracts  which  ulti- 
mately may  support  a  larger  population,  but  these  can  not  be  brought 
under  cultivation  with  anything  like  the  rapidity  of  that  practiced  on 
the  fertile  prairies.  Even  with  millions  of  dollars  available  it  will 
not  be  possible  to  conserve  water  for  the  arid  land  as  rapidly  as  the 
increasing  population  demands  new  farms. 

At  most,  water  can  be  conserved  for  60,000,000  acres,  or  possibly 
100,000,000  acres.  To  do  this  will  require  one  or  more  generations. 
Streams  must  lie  carefully  measui-ed  year  after  year,  reservoii-s  sur- 
veyed, foundations  examined  by  diamond  drill  or  excavation,  plans  and 
estimates  prepared,  contracts  let  and  masonry  structures  built,  tunnels 
dug  through  the  solid  rocks,  and  a  thousand  operations  be  successfully 
performed  before  water  can  be  had.  Then  the  ditches  must  be  dug, 
the  laterals  laid  out,  the  grounds  cleared,  and  the  soil  plowed  and 
leveled.  There  can  be  no  greater  contrast,  so  far  as  time  is  concerned, 
than  is  offered  between  this  necessary  long  preliminary  work  and  the 
conditions  on  the  fertile  prairies  of  Iowa,  where  men  have  merely  to 
drive  the  plow  and  plant  the  seed,     (PI.  III.) 

It  is  now  too  late  to  speak  of  Western  competition  with  Eastern  farms. 
This  competition  and  its  disastrous  results  to  the  far  East  has  long  since 
taken  place.  The  cultivation  of  the  prairies  of  Iowa,  Kansas,  Nebraska, 
and  the  Dakutas  revolutionized  agricultural  values  and  put  them  on  a 
firm  basis  from  which  they  can  no  longer  be  shaken.  The  Mississippi 
Valley  now  scfcs  the  standard,  since  the  area  of  new  land  in  the  coun- 
try which  can  be  brought  under  cultivation  in  any  one  year  is  almost 
inconceivably  small  when  compared  with  that  now  cultivated. 

The  increase  of  population  in  the  United  States  is  fi"om  2  to  3  per 
cent  per  year.  The  increase  of  irrigated  area  has  been  less  than  one- 
tenth  of  1  per  cent  per  year  of  the  improved  lands  of  the  country. 
By  the  most  strenuous  exertions  it  will  be  impossible  to  increase  the 
area  of  irrigated  lands  to  1  per  cent  of  the  improved  lands  of  the 
country,  or  less  than  half  the  rate  of  increase  of  population. 

It  must  not  be  supposed  for  a  minute  that  because  the  increase  of 
irrigated  lands  will  be  relatively  so  small  as  to  be  inappreciable 
in  agricultural  values  their  importance  is  correspondingly  limited. 
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"hile  tb^  irrigated  Unds  have  never  and  can  never  compete  with  the 

rest  of     t-tiid  country  in  agricultural  valueii  yet  they  afford  the  only 

eniainin^  opportunity  for  the  creation  of  houieH,  and  they  injure  the 

gnest   type  of  agricultural  and  social  development.     The  ijmall  irrt- 

^       ^^■*"™,  with  intensive  cultivation  and  the  auhurbaa  conditions 

aae  |>o»£4il)|e  under  the  circuniutancett,  is  the  mo»t  attractive  farm 

V.'  *^"  *''*  owners  and  cultivators  of  these  farms  form  the  most 

stable  u.rx<l  substantial  cla«3  of  citizens,  so  that,  although  the  number.-* 

na  th«»    xa.a-ea  may  be  relatively  .small,  yet  the  opportunitie.s  are  great. 
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"*  *^«ti n^j^jed  that  by  the  construction  of  storage  rcservoii-s,  V>y 
div»»ting  ln|.ge  rives,  and  by  sinking  deep  or  artesian  wells,  it  will 
Ite  pt'actic'H.Vjie  ultimately  to  irrigate  nearly  ten  times  the  ai-ea  no^v 
4;Uitivated  i-^y  ji-i-igation  (fig.  4).  There  is  a  wide  margin  as  to  the 
probable  ai_-i-eagff  ""*'  '*  l"*^  *^«"  placed  at  from  60,000,000  to 
100,00(l,()(j^^  j^g,.g^  ultimately  reclaimable  within  two  or  three  genera- 
tions. Thti  amount,  however,  will  depend  wholly  upon  the  treatment 
now  **^'co^-^^l^^J  j^  .  Omgress  to  the  public  lands.  By  leaving  matter;*  a^ 
they  are,  only  a  small  proportion  of  this  extent  will  ever  be  irrigate<i^ 
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I  It'  tiike  up  an  experimental  enterprise.  The  wl 
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" """It  loe.intmnet.iBce.iri.  homes  on  the  pol 
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The  National  Government  ha»  already  Itegun  in  part  the  work  of 
I'eelauiation  by  setting  aside  the  summita  of  the  mountains  from  which 
issue  the  rivers  most  important  in  irrigation,  and  creating  these  into 
forest  reserves  for  the  beneficial  influence  exercised  upon  the  stream 
flow.  It  is  necessary  to  go  still  farther,  and  build  within  these  forests 
certain  large  reservoirs  to  store  the  flood  waters  and  regulate  the  flow 
of  the  sti'eams.  These  should  never  fall  into  private  or  speculative 
control,  but  should  be  administered  for  the  benefit  of  the  communities 
situated  often  in  various  States. 

The  people  of  the  country  have  made  strenuous  effoits  to  utilize 
some  of  the  lands  now  waste,  and  by  individual  experiment  and  failure 
have  demonstrated  that  certain  portions  of  these  crops  can  be  raised 
without  irrigation.  The  accompanying  small  map  (fig.  5)  shows,  in 
black,  the  localities  where  crops  have  been  and  can  sometimes  be 
raised  by  what  is  known  as  dry  farming;  that  is,  without  the  ai-ti- 
ficial  application  of  water.  East  of  the  dTth  meridian  nearly  all  crops 
are  thus  raised,  but  west  of  it  the  dry-farming  areas  rapidly  diminish 
in  extent.  In  western  Kansas  and  Nebraska  there  are  comparatively 
few  places  where  crops  are  successful  more  than  three  years  out  of 
five.  During  the  years  or  cycles  of  unusual  moisture  settlement  has 
progressed  westward  across  these  >?tates  and  people  have  built  homes, 
using  for  building  material  the  tough  sod  which  covers  the  ground, 
this  being  the  only  available  material  in  a  country  destitute  of  trees 
and  stones.  The  recurring  droughts,  however,  have  compelled  many 
of  these  people  to  abandon  their  dn'  farms,  and  thousands  of  homes 
iiave  been  ruined,  the  only  people  left  in  the  country  being  those  who 
have  secured  a  water  supply  through  wells.  The  contrasting  condi- 
tions are  illustrated  in  PI.  IV,  showing  the  ruined  sod  house  and  the 
successful  home,  the  latter  rendered  possible  by  obtaining  a  water 
supply. 

The  laws  and  customs  governing  the  riparian  rights  in  the  humid  and 
semibumid  portions  of  the  country  have  been  modifled  or  made  of  no 
effect  in  the  States  and  Territories  lying  within  the  arid  region.  It  is 
there  recognized  that  water  is  part  of  the  coumion  sto<:k  necessary  for  lite 
and  industry,  to  be  drawn  upon  by  all  in  accordance  with  certain  orderly 
procedures.  The  United  States,  the  original  owner  of  the  land,  and 
still  the  posses.-4or  of  the  greater  part  of  it,  alone  has  the  right  and  the 
ability  to  conserve  the  waters  for  the  best  interests  of  the  .tevcral 
States  and  communities.  Proprietorship  of  water  should  never  be 
recognized,  but  the  rigbtB  of  each  person  who  can  put  a  certain 
amount  to  beneficial  use  should  be  clearly  recognized  and  guarded  in 
the  order  of  priority,  l>cnelicial  use  lietng  the  measure  and  the  limit  of 
any  right 

The  law.s  in  the  different  States  of  the  arid  re}fion  differ  widely,  but 
there  are  ceitain  underlying  principles  which  are  being  established  by 
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court  decisionH,  and  through  these  most  of  the  (complications  are  beln;^ 
satisfactorily  solved.  The  conditions  which  arise  where  a  stream 
crosses  State  borders  are,  however,  Iwyond  the  control  of  local  legis- 
latures and  must  come  within  the  cognizance  of  Congress. 

The  cost  of  irrigation  has  been  as  low  as  from  ^2  to  $5  per  acre,  irri- 
gated by  the  original  or  pioneer  ditches.  This  matter  has  been 
thoroughly  discussed  by  the  Eleventh  and  Twelfth  Censuses,  and  the 
average  cost  of  bringing  water  to  the  land  throughout  the  country  is 
shown  to  have  been,  in  round  numbers,  $12  an  acre.  The  average 
annual  cost  of  maintenance,  repairs,  or  fees  paid  for  conveying  the 
water  has  been  f  1.  2.t  per  acre.  In  case  of  more  expensive  works  built 
by  corporations  the  cost  of  reclaiming  the  lands  has  ranged  as  high  as 
$20  an  acre,  or  even  $25.  Such  land  in  first  cost  can  not  compete 
with  that  offered  for  sale  in  the  Mississippi  Valley.  The  expensive 
irrigated  lands  have  the  advantage  of  continual  cropping,  the  ground 
being  immediately  prcparciHor  seeding  as  soon  as  one  crop  is  removed; 
or,  in  the  case  of  alfalfa,  one  cutting  follows  another  throughout  the 
year,  as  many  as  seven  crops  being  had  from  an  acre. 

Private  enterprise  has  already  gone  nearly  to  its  full  limit.  State 
action  has  been  confined  almost  wholly  to  attempted  improvement  in 
legislation  and  control  of  the  distribution  of  the  water  among  the  irri- 
gators. National  works  are  being  urged  by  those  who  have  most  thor- 
oughly studied  the  subject,  upon  the  ground  that  the  nation  alone  is 
in  a  position  to  conserve  the  water  supply,  since  it  controls  the  land 
and  the  sources  of  most  of  the  important  streams.  It  is  not  suggested 
that  there  should  be  an  intcrfei-ence  with  vested  rights,  nor  with  the 
distribution  of  water  to  the  irrigators  by  State  officials  wherever  such 
exist  Lfnder  any  suggested  combination  of  interests  in  reclamation 
the  nation  must  construct  the  reservoirs,  the  large  tunnels  and  diver- 
sion works  from  great  rivers,  the  experimental  deep  or  artesian  wells 
{PI.  V)  which  demonsti'ate  the  existence  of  underground  supplies  in 
desert  areas,  and  other  works  the  magnitude  of  which  entails  cost  too 
great  for  private  enterprise  or  too  far-reaching  for  State  action. 

The  recognition  of  irrigation  as  a  great  national  problem  was  fir>?t 
prominently  given  by  Maj,  John  Wesley  Powell,  for  more  than  thir- 
teen years  the  Director  of  the  United  States  Geological  Survey. 

In  his  explorations  of  the  West,  made  shsrtly  after  the  Civil  War, 
Major  Powell  became  impressed  with  the  magnitude  of  the  resources 
of  the  country,  and  the  dependence  of  these  upon  water  conservation 
and  the  largest  development  of  irrigation.  His  report  on  the  lands  of 
the  arid  region,  printed  in  1879,  is  regarded  as  a  classic  on  the  subject. 
The  weight  of  his  personality  and  the  impress  made  upon  members  of 
Congress  ivsulted  finally  in  the  authorization,  in  1888,  of  .specific 
examinations  of  the  extent  to  which  the  arid  lands  can  l>e  reclaimed. 
Soon  after  this  work  was  begun,  it  was  thought  by  some  that  tUi« 
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larger  utilization  of  the  i^esourcps  of  the  West  would  interfere  to  a 
certain  extent  with  other  projects,  and  the  cattlemen  in  particular,  who 
at  that  time  were  not  friendlj-  to  the  development  of  irrigation,  pro- 
tested again»it  what  they  termed  national  "  interference"  with  their 
excluijive  utie  of  the  lands  belonging  to  all. 

A  select  committee  of  the  United  States  Senate  was  appointed  to 
investigate  the  whole  .luhject.  and  made  a  trip  through  the  arid  lands, 
aocompanie<l  by  Major  Powell,  The  report  of  this  eommittee,  in  four 
volumes,  embodies  the  observations  and  testimony,  together  with  a 
majority  and  minority  report,  the  latter  outlining  the  line  of  action 
whit-h  Major  Powell,  from  his  thorough  study  of  the  region,  deemed 
most  feasible. 

The  results  of  the  diversity  of  opinion  developed  at  that  time  were 
disastrous  to  immediate  progress,  but,  public  interest  l>eing  aroused, 
resulted  in  the  gradual  crystallization  of  ideas  along  the  lines  which 
Major  Powell  had  suggested,  so  that  liy  the  end  of  the  decade,  state- 
ments of  facts  which  had  arou.-scd  violent  opposition  at  the  outset  were 
no  longer  disputed,  hut  belonged  to  common  knowledge. 

It  is  not  too  much  to  say  that  the  people  of  the  United  States,  par- 
ticularly those  of  the  West,  owe  to  Major  Powell  u  debt  of  gratitude 
for  the  manner  in  which  he  brought  forward  the  whole  <|uestion  of 
reclauiatioD  of  the  public  lands  and  placed  it  far  in  advance  of  what  it 
would  otherwise  have  been. 

The  investigation  of  the  arid  regions  was  never  actually  dropped 
after  it  was  once  begun,  although  it  languished  for  a  number  of  years. 
New  life  and  enei^y  were  infused  by  Major  Powell's  successor,  the 
present  Director  of  the  United  States  Geological  Sun'cy,  Hon.  Charles 
D.  Walcott,  and  a  great  popular  movement  has  been  started  by  an 
organization  known  as  the  "National  Irrigation  Ass<x;iation,"  com- 
posed Uirgely  of  prominent  citizens  concerne<l  in  public  affairs,  phil- 
anthropists, eastern  manufacturers,  the  repre.-jentatives  of  transpor- 
tation interests,  labor  leaders,  and  others  who  see  in  the  arid  West  a 
great  potential  market  for  goods  and  for  labor,  as  well  as  an  outlet 
for  the  growing  population. 

A  culmination  has  finally  been  reached  in  the  report  of  the  Secre- 
tary of  the  Interior  recommending  the  immediate  construction  of 
certain  large  works;  and  most  notably  in  the  direct  and  incisive 
message  of  President  Roosevelt,  bringing  the  attention  of  Congress 
and  the  people  to  the  fact  that  the  utilization  of  the  water  resources 
of  the  West  is  one  of  the  gi'eattist  internal  questions  of  the  day. 

All  intelligent  legislation  is  best  promoted  when  based  upon  full 
knowledge,  and  an  enterprise  so  vast  in  its  ultimate  magnitude  should 
be  undertaken  only  after  thorough  study  of  present  conditions  and 
future  needs.  The  actual  work  of  construction  of  iHTlamation  proj 
ects  should  be  entered  u|>on  only  after  a  full  knowledge  hits  lieen  had 
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of  the  cost  and  benefits  of  each,  and  every  individual  scheme  should 
be  considered  solely  upon  its  own  merits  and  its  relation  to  the  full 
ultimate  development  of  the  country.  This  woric,  a^^  above  stated,  has 
ali-eady  been  conitnitted  by  Congress  to  the  Geological  Survey,  which 
in  1888  was  authorized  to  liegin  the  investigation  of  the  extent  to  which 
the  arid  lands  could  be  reclaimed  by  irrigation.  In  the  suc\reeding 
years  this  organization  has  been  systematically  measuring  streatns, 
surveying  reservoir  sites,  and  has  now  a  fully  equipped  and  experi- 


i;.-M.p  showlnR  |bj- 


llnea)  upproxlmate  loealloii  and  i 


enced  corps  of  hydmulic  engineers,  many  of  whom  hiive  liad  experi- 
ence in  the  construction  of  large  works. 

The  necessity  for  prompt  action  is  shown  by  tlie  way  in  which  the 
remaining  public  lands  are  being  taken  up  by  speculators.  It  baa 
been  pointed  out  by  recent  students  and  writers  upon  the  subject  that 
although  several  million  acres  are  being  disposed  of  annually,  yet 
these  are  not  passing  into  the  hands  of  people  who  are  making  homes 
upoTi  them,  and  that  the  homestead  and  desert-land  act  is  l>eing  used 
as  a  means  for  set^uring  titles  to  lands  which  are  not  brought  under 
cultivation. 
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The  greater  part  of  the  arid  West  is  devoted  to  giuzing.  The 
atxrompanying  small  map  (tig.  It)  indimtes  the  vast  extent;  the  open 
grazing  land  heiiig  shown  hy  the  cross  lining.  Herds  of  cattle  and 
floi-ks  of  sheep  range  over  the  public  lands,  eating  the  herbage  with- 
out restriction,  the  whole  country  being  prairtically  an  open  common. 
This  business  is  at  times  extremely  profitable,  and  has  attrat^ted  large 
capita),  intiuenCial  companies  being  formed.  The  busines.s  has  in- 
creased to  such  an  extent  that  the  ranges  have  been  ovei-stocked,  and, 
being  free  to  all,  there  has  been  a  stniggle  for  existence. 

Success  in  the  grazing  business  upon  the  open  land  is  dependent 
largely  upon  ability  to  control  the  water  supply,  Jf  a  man  can  obtain 
possession  of  a  spring  or  stream  he  can  exclude  the  cattle  or  sheep  of 
other  owners  from  tlie  water,  and  thuf  be  in  a  position  to  monopolize 
thousands  of  at'res  of  grazing  land,  useleius  to  others  because  their 
animals  can  not  obtain  water  to  drink.  By  systematically  taking  up 
small  tracts  along  both  sides  of  a  stream  these  can  be  strung  out  in 
such  a  way  as  to  control  the  water  frontage,  and  by  fencing  contigu- 
ous 40-acre  tracts  a  continuous  line  can  be  made  for  many  miles,  pre- 
venting access  to  water.  Cattle  companies  have  employed  men  with 
the  understanding  that  they  would  thus  take  up  land  along  the  streams, 
and  a  gknce  at  the  map  of  the  gre^t  unoccupied  public  domain  shows 
the  40-acre  tracti  entered  in  such  a  fashion  as  to  include  nearly  all  of 
the  running  water. 

The  keen  competition  for  grazing  brought  about  by  overstocking 
the  public  ranges  has  thus  resulted  in  putting  a  premium  upon  lands 
which,  while  not  irrigable  nor  suitable  for  farming,  yet  control  access 
to  water.  A  recent  advertisement  in  a  Western  paper  illustrates  the 
condition:  "  For  sale,  IfiO  acres,  controlling  10,000  acres  of  good  Gov- 
ernment grazing."  No  particular  barm  would  result  if  the  lands  thus 
disposed  of  by  the  Government  passed  into  the  bands  of  men  who 
would  make  best  use  of  them,  but  as  a  rule  this  is  not  the  case.  Areas 
which  might  he  made  into  many  farms  are  held  as  portions  of  a  great 
cattle  I'ange,  the  owners  of  which  can  make  a  larger  interest  on  their 
investment  by  thus  holding  it  than  bj' attempting  toconseive  the  water 
and  to  subdivide  the  land  into  small  tracts.  Many  of  the  best  reservoir 
sites  are  being  taken  up  in  one  way  or  another  by  men  who  confess- 
edly do  not  intend  to  utilize  them,  but  to  hold  the  land  for  sale  at  a 
good  price  whenever  water  conservation  is  attempted.  Speculations 
of  this  kind  are  lawful,  and  may  he  commendable  to  a  certain  degree, 
but  when  they  result  in  tying  up  some  of  the  Ijest  land  of  the  country 
and  in  excluding  population  they  become  injurious  to  the  public 
welfare. 

Itut  the  question  may  l>e  asked.  Why  should  so  much  interest  attach 
to  the  West  rather  than  to  the  humid  l<^t,  where  an  artificial  water 
supply   need  not  be  provided  as  a   i-equbite  for  agriculture  J    The 
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answer  is  that  the  (iovprnment  is  the  great  landowner  of  the  western 
half  of  the  United  States,  and  that  it  is  for  the  interest-;  of  all  of  the 
people  of  the  Country  to  have  these  lands  settled  l>y  men  tilling  their 
own  farms;  hut,  more  than  this,  agriculture  in  an  arid  region  yields 
results  far  greater  than  in  humid  climates  or  those  of  uncontrollable 
□loistuie.  In  countries  where  the  sun  shines  every  day  the  develop- 
ment of  plant  life,  with  proper  moisture,  is  far  greater  than  in  regions 
of  prevailing  i-louds  and  occasional  storms.  The  yield  per  acre  is 
greater,  and  where  the  tenipemturc  is  favorable  crop  follows  crop 
throughout  the  year.  With  unlimited  sunshine  and  properly  I'egu- 
lated  moi;stui'e  the  faiTner  has  a  far  safer  and  more  remunerative 
occupation  than  in  the  E^t. 

Irrigation  properly  conducted  means  intensive  farming,  the  cultiva- 
tion of  the  soil  in  the  best  possible  manner,  and  diversified  crops. 
The  area  which  any  one  man  can  cultivate  under  such  conditions  is  far 
less  and  the  yield  per  acre  correspondingly  greater.  In  the  best  in-i- 
gated  regions  farais  are  very  small,  the  avei'age  size  of  cultivated 
area  in  Utah  being  less  than  30  acres.  Small  farms  and  the  economy 
which  must  be  practiced  in  conveying  water  results  in  comparatively 
dense  ruml  population.  In  southern  California  the  irrigated  tracts 
in  orchards  and  vineyards  are  so  small  that  the  farming  region  takes 
on  the  appearance  of  suburban  commnnities.  The  houses,  instead  of 
being  a  mile  apart,  as  on  the  prairies  and  plains  of  the  central  part  of 
the  country,  are  within  a  few  rods  of  one  another.  Social  intercours-e 
is  possible,  good  roads  are  assureil,  and  rapid  communication  throug^h 
electric  car  lines. 

Cultivation  of  arid  lands  by  means  of  irrigation  results  in  a  far 
higher  type  of  civilization  than  is  possible  on  isolated  and  lonely 
farms.  Diver-sified  agricultui'c.  the  raising  of  vegetables  and  small 
fruits,  and  the  keeping  of  various  domestic  animals  also  neces.%itate 
gi'eater  mental  as  well  as  physical  activity,  continuous  employment  for 
all  the  members  of  a  family,  and  many  minor  industries  impossible 
where  attention  is  concentrated  upon  a  single  crop,  such  as  wheat, 
corn,  or  cotton. 

The  small  farms  so  successful  under  irrigation  make  possible  a  colony 
life  such  as  that  practiced  by  the  Mormons  in  Utah  and  exemplified 
in  the  early  history  of  the  Greeley  Colony  in  Colorado.  The  success 
attained  has  led  to  a  most  interesting  experiment,  that  of  the  Salvation 
Army  helping  the  i>eople  to  get  Imek  to  the  soil.  In  their  work  in 
big  cities  the  Salvation  Army  has  come  across  almost  innumerable 
men  and  women  who  are  eager  for  an  opportuitity  to  get  away  and 
start  life  anew  in  the  open  air.  Out  of  the  thousands  of  applications 
there  have  been  selected  certain  familieM  apparently  liest  qualified  for 
success,  and  thesfs  have  been  located  upon  small  irrigable  farnw. 
Nothing  is  actually  given  these  people  outright  except  the  opportunity 
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to  help  themselves,  Tbey  ave  sold  a  tnu^t  of  land  and  u.  small  house, 
necessary  tools,  and  seed  upon  credit,  and  are  gheii  «  reaisonable  time 
to  repay  the  loan  thus  made,  with  interest.  From  one  aspect  the 
enterprise  might  be  regarded  as  money -making,  but  from  the  higher 
standpoint  it  is  one  of  the  greatest  philanthropies  yet  undertaken. 

This  work  of  the  Salvation  Army  in  establishing  colonies  in  Colo- 
rado and  in  California  is  really  more  than  an  experiment,  for  sufficient 
time  has  elapsed  to  give  it  trial,  and  its  success  may  be  considered  as 
demonstrated — sufficiently,  at  least,  to  justify  further  and  larger 
efforts  along  this  line.  It  is  not  believed  that  the  "submerged  tenth" 
can  be  lifted  bodily  and  put  upon  the  land  to  become  successful  farm- 
ers, but  the  weight  of  humanity  above  this  tenth,  the  keen  struggle  of 
those  a  little  better  off,  helps  to  submei^e  the  despairing  portion  of 
the  community  and  to  obstruct  every  avenue  of  escape.  Ketief  from 
the  congested  conditions  of  the  cities  can  come,  in  part  at  least, 
through  furnishing  opportunities  for  those  who  are  able  to  go  out 
upon  the  land  and  to  become  independent  landownei-s  and  citizens. 
Ordinary  farming  can  not  offer  any  attraction  to  these  people,  who 
have  spent  much  of  their  lives  in  the  cities,  as  they  are  largely  depend- 
ent upon  keeping  in  crowds.  The  small  farm  and  the  suburban  life 
possible  under  irrigation  alone  make  it  possible  for  such  people  to 
leave  the  city  environment  and  become  tillers  of  the  soil. 

To  sum  up  the  problem,  we  may  say  that  we  have  a  vast  extent  of 
vacant  public  land  of  wonderful  fertility;  we  have  water  which  will 
make  a  portion  of  this  productive;  we  have  the  people  who  are  seek- 
ing an  opportunity  to  make  a  living,  and  who  would  gladly  escape 
from  the  congestion  of  the  cities;  and  we  have  the  public  funds  and  the 
public  interest  toward  developing  our  country  to  the  highest  degree;  . 
but  we  are  a  long  way  from  bringing  these  powerful  forces  to  effective 
action.  We  are  allowing  the  lands  so  necessary  to  the  development  of 
the  nation  to  drift  out  of  its  control;  we  are  allowing  the  waters  and 
the  opportunities  to  conserve  them  to  be  monopolized  and  become 
subject  for  speculation;  and  we  are  allowing  barriers  to  be  gradually 
erected  shutting  ofl  the  opportunities  for  development  of  our  great 
internal  resources. 
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THE  PALACE  OF  MINOS.' 


By  Arthur  .1.  Evans. 


Less  than  a  genf^ration  bsck  the  origin  of  Greek  civilization,  and  with 
it  the  sources  of  all  great  culture  that  hiw  ever  Iwien,  were  wrapped 
in  an  impenetrable  mist.  That  ancient  world  was  Htill  girt  round 
within  its  narrow  confines  by  the  circling  "stream  of  ocean."  Was 
there  anything  beyond?  The  fabled  kings  and  heroes  of  the  Homeric 
Age,  with  their  palaces  and  strongholds,  were  they  aught,  after  all, 
but  more  or  less  humanized  sun  myths? 

One  man  had  faith,  accompanied  by  works,  and  in  Dr.  Schliemann 
the  science  of  classical  antiquity  found  its  Columbus.  Arineil  with  the 
spade  he  brought  U>  light  from  beneath  the  mounds  of  ages  a  I'eal 
Troy;  at  Tiryns  and  Mycens>  he  laid  bare  the.  palace  and  the  tombs 
and  tiva.sures  of  Homeric  kings.  A  new  world  opened  to  investiga- 
tion, and  the  discoveries  of  its  first  explorer  were  followed  up  success- 
fully by  Dr.  Tsountas  and  others  on  Greek  .soil.  The  eyes  of  observei's 
were  opened,  and  the  traces  of  this  prehistoric  civilization  began  to 
make  their  appearance  far  beyond  the  limits  of  Greece  itself.  From 
Cyprus  and  Palestine  to  Sicily  and  southern  Italy,  and  even  to  the 
coasts  of  Spain,  the  colonial  and  indastrial  enterprise  of  the  "Myce- 
jeans"  has  left  its  mark  throughout  the  Mediterranean  basin.  Pro- 
fessor Petrie's  researches  in  Egypt  have  conclusively  shown  that  as 
early  at  least  as  the  close  of  the  Middle  Kingdom,  or,  approximately 
speaking,  the  Iteginning  of  the  second  millennium  B.  C.,  impoi-ted 

'Reprinted  from  the  Monthly  Review,  Vol.  11,  London,  January-Maroh,  1901,  pp. 
115-132.  The  most  w^lentific  aci'ount  of  the  exploration  of  the  Cretan  labyrinth  is 
the  official  statement  of  Mr.  EvanH  in  the  Annual  of  the  Briliinh  Schoul  at  Athens, 
1899-1900.  The  following  h  a  brief  list  of  papers  on  the  sulijeut  by  men  who  speak 
with  authority:  (1)  Paul  Walters  in  Arch.,  AuRiiBt,  1900,  3,  pp.  141-151  (pi.;  6 
figs.);  (2)  Mr.  Evans,  Biblia.  September,  1900;  (If)  Mr.  Evans  ant)  Mr.  D.  E. 
Hogarth,  Biblia,  January,  IftOl  (see  also  Biblia,  Noveml)er  and  De«jember,  1900); 
(4)  Mr.  IxHiis  Dyer,  the  Nation,  August  2,  1900;  (5)  Mr.  Evans,  Murray's  Monthly 
Mi^nzine,  Febnwry,  1901,  a  d  (6)  Mr.  lli>tnirth  in  the  C 'on temporary  Revii-w, 
Deceml»er,  1900.  In  Biblia,  1001,  pp.  121-ia<,  Mr.  Evans  ilcwribea  the  nTint  dis- 
coveries at  K missus  up  to  the  middle  of  May;  ami  the  Nation,  Juni- 27,  1901,  eon- 
tains  extracts  from  letters  of  Mr.  Evans  to  the  Times  dated  May  IK  and  June  12, 
telling  of  the  laleot  reeulla. 
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.^^ean  vasee  were  finding  their  way  into  the  Nile  Valley.  By  the 
great  days  of  the  eighteenth  dynasty,  in  the  eixteentb  and  !4uc«6eding 
centuries  B.  C,  this  intercourse  was  of  such  a  kind  that  Mycenaean 
art,  now  in  its  full  maturity  of  bloom,  was  reacting  on  that  of  the  con- 
temporary Pharaohs  and  infusing  a  living  European  element  into  the 
old  conventional  style  of  the  land  of  the  Pyramids  and  the  Sphinx. 

But  the  picture  was  still  very  incomplete.  Nay,  it  might  even  he 
said  that  its  central  figure  was  not  yet  filled  in.  In  all  these  excava- 
tions and  researches  the  very  land  to  which  ancient  tradition  unani- 
mously pointed  as  the  cradle  of  (Jreek  civilization  had  been  left  out  of 
count.  To  adapt  the  words  applied  by  Gelon  to  slighted  Sicily  and 
Syracuse,  "The  spring  was  wanting  from  the  year"  of  that  earlier 
Hellas.  Yet  Crete,  the  central  island — a  half-way  house  between  three 
continents — flanked  by  the  great  Libyan  promontory  and  linked  by 
smaller  island  stepping  stones  to  the  Peloponnese  and  the  mainland  of 
Anatolia,  was  called  upon  by  nature  to  play  a  leading  part  in  the  devel- 
opment of  the  early  ^gean  culture. 

Here,  in  his  royal  city  of  Knossos,  ruled  Minos,  or  whatever  historic 
personage  is  covered  by  that  name,  and  founded  the  first  sea  empire  of 
Greece,  extending  his  dominion  far  and  wide  over  the  JEgea.n  isles  and 
coast  lands.  Athens  paid  to  him  its  human  tribute  of  youths  and  maidens. 
His  colonial  plantations  extended  ea.st  and  west  along  the  Mediterranean 
basin  till  Gaza  worshipped  the  Cretan  Zeus  and  a  Minoan  city  rose  in 
western  Sicily.  But  it  is  as  the  first  lawgiver  of  Greece  that  he  achieved 
his  greatest  renown,  and  the  code  of  Minos  became  the  source  of  all 
later  legislation.  As  the  wise  ruler  and  inspired  lawgiver  there  is 
something  altogether  biblical  in  his  legendary  character.  He  is  the 
Cretan  Moses,  who  every  nine  yeai's  repaired  to  the  cave  of  Zeus, 
whether  on  the  Cretan  Ida  or  on  Dicta,  and  received  from  the  god  of 
the  mountain  the  laws  for  his  people.  Like  Abraham,  he  is  described 
as  the  "  friend  of  God."  Nay,  tn  some  accounts,  the  mythical  being  of 
Minos  has  a  tendency  to  blend  with  that  of  his  native  Zeus. 

This  Cretan  Zeu8.  the  god  of  the  mountain,  whose  animal  figure  was 
the  bull  and  whose  symbol  was  the  double  ax,  had  indeed  himself  a 
human  side,  which  distinguishes  him  from  his  more  ethereal  namesake 
of  classical  Greece.  In  the  groat  cave  of  Mount  Dicta,  whose  inmost 
shrine,  adorned  with  natural  pillars  of  gleaming  stalactite,  leads  deep 
down  to  the  waters  of  an  nnnavigated  pool,  Zeus  himself  was  said  to 
have  been  born  and  fed  with  honey  and  goat's  milk  by  the  nymph 
Amaltheia.  On  the  conical  height  immediate.ly  above  the  site  of 
Minos's  city — now  known  a^  Mount  Juktas— and  still  suiTOunded  hy  a 
Cyclopean  inclosure,  was  pointed  out  his  tomb.  Classical  Greece 
scoffed  at  this  primitive  legend,  and  for  this  particular  i-eason  first 
gave  currency  to  the  preverb  that  "the  Cretans  are  always  Hal's." 
St.  Paul,  too,  adopted  this  bard  saying,  but  in  Crete  itself  the  new 


THE  PALACE  OF  MINOS.  427 

rcli^on,  whi^^b  here,  an  elsewhere,  so  e^orly  avniled  itflelf  of  what 
might  aid  its  own  propaganda  in  existing  belief,  seems  to  have  dealt 
more  gently  with  the  scenes  of  the  lowly  birth  and  holy  sepulcher  of  a 
mortal  god.  On  the  height  of  Juktas,  on  the  peaks  of  Dicta,  which 
overlooked,  one  the  birthplace,  the  other  the  temple  of  the  Cretan 
Zeus,  pious  handH  have  built  chapels,  the  scenes  of  annual  pilgrimage, 
dedk»ted  to  Authent^s  Cbristos,  "the  Lord  Christ."  In  his  shrine  at 
Gaza  the  Minoan  Zeus  had  already  in  p^^n  days  received  the  distin- 
guished epithet  of  Marnau,  "  the  lord  "  in  its  Syrian  form. 

If  Minos  was  the  tirst  lawgiver,  his  craft^iman  Diedalua  was  the  first 
traditional  founder  of  what  may  be  called  a  "school  of  art."  Many 
were  the  fabled  works  wrought  by  them  for  King  Minos,  acme  grew- 
Bome,  like  the  brass  man  Talos.  In  Kdossos,  tiie  royal  city,  be  built 
the  dancing  ground,  or  "choros,"  of  Ariadne,  and  the  famous  laby- 
rinth. In  its  inmost  maze  dwelt  the  minotaur,  or  "bull  of  Minos," 
fed  duly  with  human  victims,  till  sucb  time  as  Tbeseus,  guided  by 
Ariadne's  ball  of  thread,  penetrated  to  it^  lair,  and,  after  slaying  the 
monster,  rescued  the  captive  youths  and  maiden.^.  Such,  at  least,  was 
the  Athenian  tale.  A  more  prosaic  tradition  saw  in  the  labyrinth  a 
building  of  many  passages,  the  idea  of  which  Deedalus  bad  taken  from 
the  great  Egyptian  mortuary  temple  on  the  shores  of  Lake  Moeris,  to 
which  the  Greeks  gave  the  same  name;  and  recent  philological  research 
baa  derived  the  name  itself  from  the  labrys,  or  double  ax,  the  emblem 
of  the  Cretan  and  Carian  Zeus. 

Mythol<^ical  speculation  has  seen  in  the  labyrinth,  to  use  the  words 
of  a  learned  German,  '*a  thing  of  belief  and  fancy,  an  im^^  of  the 
starry  heaven  with  its  infinitely  winding  paths,  in  which,  nevertheless, 
the  sun  and  moon  so  surely  move  al>out."  We  shall  see  that  the  spade 
has  supplied  a  simpler  solution. 

When  one  calls  to  mind  these  converging  lines  of  ancient  tradition 
it  becomes  impossible  not  to  feel  that,  without  Crete,  "the  spring  is 
taken  away"  indeed  from  the  Mycentean  world.  Great  as  were  the 
results  obtained  by  exploration  on  the  sites  of  this  ancient  culture  on 
the  Greek  mainland  and  elsewhere,  there  was  still  a  sense  of  incom- 
pletenes-s.  In  nothing  was  this  more  striking  than  in  the  absence  of 
any  written  document  A  few  signs  had,  indeed,  Iwen  found  on  a  vase 
handle,  but  these  were  set  aside  as  mere  ignorant  copies  of  Hittite  or 
Egyptian  hieroglyphs.  In  the  volume  of  his  monumental  work  which 
deals  with  Myceniean  art,  M.  Perrot  was  reduced  to  the  conclusion 
that,  "  as  at  present  advised,  we  can  continue  toaffirm  that  for  the  whole 
of  this  period,  neither  in  Peloponnese  nor  in  central  Greece,  no  more 
upon  the  buildings  nor  upon  the  thou-sand  and  one  objects  of  domestic 
use  and  luxury  that  have  come  forth  from  the  tomba,  baa  anything 
been  discovered  that  resembles  any  foim  of  writing." 

But  was  this,  indeed,  the  last  word  of  scientific  exploration  t    Was 
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it  possible  that  a  people  so  advanced  in  other  respects— standing  in 
such  intimate  relations  with  E^ypt  and  the  Syrian  lands  where  some 
form  of  writing  had  been  an  almost  immemorial  possession — should 
have  been  absolutely  wanting  in  this  most  essential  element  of  civili- 
zation? I  could  not  believe  it.  Once  more  one'ij  thoughts  turned  to 
the  land  of  Minos,  and  the  question  irresistibly  suggested  itself — was 
that  early  heritage  of  tixed  laws  compatible  with  a  complete  ignorance 
of  the  art  of  writing?  An  abiding  tradition  of  the  Cretans  themselves, 
preserved  by  Diodoros,  shows  that  they  were  better  informed.  The 
Phnenicians,  they  said,  had  not  invented  letters;  they  had  simply 
changed  their  forms ;  in  other  words,  they  had  only  improved  on  an 
existing  system. 

It  is  now  seven  years  since  a  piece  of  evidence  came  into  my  hands 
which  went  far  to  show  that  long  before  the  days  of  the  inti*oduction 
of  the  Phoenician  alphabet,  as  adopted  by  the  later  Oreebs,  the  Cretans 
were,  in  fact,  possessed  of  a  system  of  writing.  While  hunting  out 
ancient  engraved  stones  at  Athens  I  came  upon  some  thi'ee  and  four 
sided  seals  showing  on  each  of  their  faces  groups  of  hieroglyphic  and 
linear  signs  distinct  from  the  Egyptian  and  Hittite,  but  evidently  rep- 
resenting some  form  of  script.  On  inquiry  I  learned  that  these  seals 
had  been  found  in  Crete.  A  clue  was  in  my  hands,  and,  like  Theseus, 
I  resolved  to  follow  it,  if  possible  to  the  inmost  recesses  of  the  laby- 
rinth. That  the  source  and  center  of  the  great  Mycentean  civilization 
remained  to  be  unearthed  on  Cretan  soil  I  had  never  doubted,  but  the 
prospect  now  opened  of  finally  discovering  its  written  recoi-ds. 

From  1894  onward  I  undertook  a  series  of  campaigns  of  exploration 
chiefly  in  central  and  eaj^tern  Crete.  In  all  directions  fresh  evidence 
continually  came  to  light — Cyclopean  ruins  of  cities  and  strongholds, 
beehive  tombs,  vases,  votive  bronzes,  exquisitely  engraved  gems — 
amply  demonstrating  that  in  fact  the  great  days  of  that  "island  story" 
lay  far  behind  the  historic  period.  From  the  Mycensean  sites  of  Crete 
I  obtained  a  whole  series  of  inscribed  seals,  such  as  1  had  first  noticed 
at  Athens,  showing  the  existence  of  an  entire  system  of  hieroglyphic 
or  quasi  pictorial  writing,  with  here  and  there  signs  of  the  coexistence 
of  more  linear  forms.  From  the  great  cave  of  Mount  Dicta— the  birth- 
place of  Zeus — the  votive  deposits  of  which  have  now  been  thoroughly 
explored  by  Mr.  Hogarih,  I  procured  a  stone  libation  table  inscribed 
with  a  dedication  of  several  chaiacters  in  the  early  Cretan  script.  But 
for  more  exhaustive  excavation  my  eyes  were  fixed  on  some  ruined 
walls,  the  great  gypsum  blocks  of  which  were  engraved  with  curious 
symbolic  characters,  that  crowned  the  southern  slope  of  a  hill  known 
an  Kephala,  overlooking  the  ancient  site  of  Knossos,  the  city  of  Minos. 
They  were  evidently  part  of  a  large  prehistoric  building.  Might  one 
not  uncover  here  the  palace  of  King  Minos--perhaps  even  the  myste- 
rious labyrinth  itself  i 
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These  blocks  had  already  arrested  the  attention  of  Schlieoiann  and 
others,  but  the  difficulties  raised  by  the  native  proprietors  had  defeated 
all  efforts  at  scientific  exploration.  In  1895  I  succeeded  in  acquiring 
a  quarter  of  the  site  from  one  of  the  joint  ownerii.  But  the  olKstruc- 
tion  continued,  aud  I  was  beset  by  difficulties  of  a  more  serious  kind. 
The  circumstances  of  the  time  were  not  favorable.  The  insurrection 
had  broken  out,  half  the  villa^s  in  Crete  were  in  a-shes,  and  in  the 
neighboring  town  of  Candia  the  most  fanatical  part  of  the  Mohammedan 
population  were  collected  together  from  the  whole  of  the  island.  The 
faithful  Herakles,  who  was  at  that  time  my  "guide,  philosopher,  and 
muleteer,"  was  seized  by  the  Turks  and  thrown  into  a  loathsome  dun- 
geon, from  which  he  was  with  difficulty  rescued.  Soon  afterwards 
the  inevitable  massacre  took  place,  of  which  the  nominal  British  "  occu- 
pants" of  Candia  were  in  part  themselves  the  victims.  Then  at  last 
the  sleeping  lion  was  aroused.  Under  the  guns  of  Admii-al  Noel  the 
Turkish  commander  evacuated  the  Government  buildings  at  ten  min- 
utes' notice  and  shipped  off  the  Sultan's  troops.  Crete  once  more  was 
free. 

At  the  beginning  of  this  year  I  wa-s  at  last  able  to  secure  the  remain- 
ing part  of  the  site  of  Kephala,  and  with  the  consent  of  Prince  George's 
Government  at  once  set  about  the  work  of  excavation.  I  received 
some  pecuniary  help  from  the  recently  started  Cretan  exploration 
fund,  and  was  fortunate  in  securing  the  services  of  Mr.  Duncan  Mac- 
kenzie, who  had  done  good  work  for  the  British  school  in  Melos,  to 
assist  me  in  directing  the  works.  From  about  80  to  150  men  were 
employed  in  the  excavation,  which  continued  till  the  heat  and  fevei-s  of 
June  put  an  end  to  it  for  this  season. 

The  result  has  been  to  uncover  a  large  part  of  a  vast  prehistoric 
building — a  palace  with  its  numei-ous  dependencies,  but  a  piilace  on  a 
far  lai^r  scale  than  those  of  Tiryns  and  Mycente.  Alwut  2  acres  of 
this  has  been  unearthed,  for,  by  an  extmordinary  piece  of  good  for- 
tune, the  remains  of  walls  began  to  appejir  only  a  foot  or  so.  often 
only  a  few  inches,  below  the  surface.  This  dwelling  of  prehistoric 
kings  had  been  overwhelmed  l)y  a  great  catastrophe.  Everywhere  on 
the  hilltop  were  traces  of  a  mighty  conflagration;  ]>urnt  lieams  and 
charred  wooden  columns  lay  within  the  rooms  and  corridors.  There 
was  here  no  gradual  decay.  The  civilization  represented  on  this  spot 
had  been  cut  .short  in  the  fullness  of  its  bloom.  Nothing  later  than 
remains  of  the  good  Mycenaean  peritwi  was  found  over  the  whole  site; 
nothing  even  so  late  as  the  last  period  illustrated  by  the  remains  of 
Mycense  itself.  From  the  day  of  destruction  to  this  the  site  has  I)een 
left  entirely  desolate.  For  three  thousand  yeai-s  or  more  not  a  tiee 
seems  to  have  t>een  planted  here;  over  a  part  of  the  area  not  even  a 
plowshare  had  paswd.  At  the  time  of  the  great  overthrow,  no 
doubt,  the  place  had  been  methodically  plundered  for  metal  objects, 
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and  the  fallen  debris  in  the  rooms  and  passages  tui'ned  oi'er  and  ran- 
sacked for  precious  booty.  Here  and  there  a  local  bey  or  peasant  had 
grubbed  for  stone  slabs  to  supply  his  yard  or  thrashing  floor.  But 
the  party  walls  of  clay  and  plaster  still  stood  intaot,  with  the  fresco 
painting  on  them,  still  in  many  cases  perfectly  preserved  at  a  few 
inches  depth  from  the  surface,  a  <^lear  proof  of  how  severely  the  site 
had  been  let  alone  for  these  long  centuries. 

Who  were  the  destroyers?  Perhaps  the  Dorian  invaders,  who  seem 
to  have  overrun  the  island  about  the  eleventh  or  twelfth  century 
before  our  era.  More  probably,  still  earlier  invading  swarms  from 
the  mainland  of  Greece.  The  palace  itself  had  a  long  ant4?<;etleut  his- 
tory and  there  are  frequent  traces  of  remodeling.  Its  early  elements 
may  go  back  a  thousand  3'ears  before  its  final  overthrow,  since,  in  the 
great  eastern  court,  was  found  the  lower  part  of  an  Egyptian  seated 
figure  of  diorite,  with  a  triple  inscription,  showing  that  it  dates  back 
to  the  close  of  the  twelfth  or  the  beginning  of  the  thirteenth  dynasty 
of  Egypt;  in  other  words,  approximately  to  2,000  B.  C.  But  below 
the  foundation  of  the  later  building,  and  covering  the  whole  hill,  are 
the  remains  of  a  primitive  settlement  of  still  greater  antiquity,  belong- 
ing to  the  insular  Stone  Age.  Id  parts  this  "Neolithic"  deposit  was 
over  24  feet  thick,  everywhere  full  of  stone  axes,  knives  of  volcanic 
glass,  dark  polished  and  incised  pottery,  and  primitive  images,  such 
as  those  found  by  Schlicmann  in  the  lowest  strata  of  Troy. 

The  outer  walls  of  the  palace  were  supported  on  huge  gypsum  blocks, 
but  there  was  no  sign  of  an  elaborate  system  of  fortificationsuch  asat 
Tiiyns  and  Myccnie.  The  reason  of  this  is  not  far  to  seek.  Why  is 
Paris  strongly  fortified,  while  London  is  pmctically  an  open  town! 
The  city  of  Minos,  it  must  bo  remembered,  was  the  renter  of  a  great  sea 
power,  and  it  was  in  "wooden  walls"  that  its  rulers  must  have  put  their 
trust.  The  mighty  blocks  of  the  palace  show,  indeed,  that  it  was  not 
for  want  of  engineering  power  that  the  acropolis  of  Knos-^an  remained 
unfoi'tified.  But  in  truth  Myccnreiin  might  was  here  at  home.  At 
Tiryns  and  Mycenie  itself  it  felt  itself  threatened  by  warlike  conti- 
nental neightx>rs.  It  was  not  till  the  mainland  foes  were  masters  of  the 
sea  that  they  could  have  foR-ed  an  entry  into  the  house  of  Minos. 
Then,  indeed,  it  was  an  easy  task.  In  the  «ive  of  Zeus  on  Mount  Ida 
was  found  a  large  brooch  (or  fibula)  belonging  to  the  race  of  northern 
invaders,  on  one  side  of  which  a  war  galley  is  significantly  engraved. 

The  palace  was  entered  on  the  southwest  side  by  a  portico  and  double 
doorway  opening  from  a  spacious  paved  court  (fig.  1).  Flanking  the 
portico  were  remains  of  a  gi-eat  fresco  of  a  bull,  and  on  the  walls  of 
the  corridor  leading  from  it  were  still  preserved  the  lower  part  of  a 
procession  of  painted  life-size  figuivs,  in  the  center  of  which  was  a 
female  personage,  proliably  a  queen,  in  magnificent  apparel.  This 
coi-ridor  seems  to  have  led  round  to  a  great  southern  porch  or  Propy- 
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Fig.  3,— Larqe  Clay  Store  Jar. 


^dbyGoo^lc 


lib,  Google 


t'i 


:  } 


D„ii„.db,  Google 


idb,Go(5glc 


D„ii„.db,  Google 


THE  PALACE  OF  MINUS.  4Sl 

Iseum  with  double columas,  the  walls  of  which  were  originally  decorated 
with  figures  in  the  same  ntyle.  Along  nearly  the  whole  length  of  the 
building  ran  a  spacious  paved  corridor,  lined  by  a  long  row  of  fine  stone 
doorways,  giving  access  to  a  succession  of  magazines.  On  the  floor  of 
these  magazines  huge  store  jar.'s  were  still  standing,  large  enough  to 
have  contained  the  "forty  thieves"  (fig,  2).  One  of  these  jars,  con- 
tained in  a  small  separate  chamber,  was  nearly  .')  feet  in  height  (fig.  3). 

Here  occurred  one  of  the  most  curious  discoveries  of  the  whole 
exca\'ation.  Under  the  closely  compacted  pavement  of  one  of  these 
magazines,  upon  which  the  huge  jars  stood,  there  were  built  in  between 
solid  piles  of  masonr>-  double  tiers  of  stone  cists  lined  with  lead. 
Only  a  few  were  opened  and  they  proved  to  be  empty,  but  there  can 
be  little  doubt  that  they  were  constructed  for  the  deposit  of  treasure. 
Whoever  destroyed  and  plundered  the  palace  had  failed  to  discover 
these  receptacles,  so  that  when  more  come  to  be  explored  there  is  some 
real  hope  of  finding  buried  hoards. 

On  the  cast  side  of  the  palace  opened  a  still  larger  paved  court, 
approached  by  broad  steps  from  another  principal  entrance  to  the  north. 
From  this  court  access  was  given  by  an  anteroom  (fig.  4)  to  what  was 
certainly  the  most  interesting  chamber  of  the  whole  building,  almost 
as  perfectly  preserved — though  some  twelve  centuries  older — as  any- 
thing found  beneath  the  volcanic  ash  of  Pompeii  or  the  lava  of  Hercu- 
laneum.  Already  a  few  inches  below  the  surface  freshly  preserved 
fresco  began  to  appear.  Walls  were  shortly  uncovered  decorated  with 
flowering  plants  and  running  water,  while  on  each  side  of  the  doorway 
of  a  small  inner  room  stood  guardian  griffins  with  peacocks'  plumes  in 
the  same  flowery  landscape.  Round  the  walls  ran  low  stone  benches, 
and  between  these  on  the  north  side,  separated  by  a  small  interval  and 
raised  on  a  stone  base,  rose  a  gypsum  throne  with  a  high  back,  and 
originally  colored  with  decorative  designs.  Its  lower  part  was  adorned 
with  a  curiously  carved  arch,  with  crocketed  moldings,  showing  an 
extraordinary  anticipation  of  some  most  characteristic  features  of 
Gothic  architecture.  Opposite  the  throne  was  a  finely  wrought  tank  of 
gypsum  slabs — a  feature  borrowed  perhaps  from  an  Egyptian  palace — 
approached  by  a  descending  flight  of  .steps,  and  originally  surmounted 
by  cypnia-wood  columns  supporting  a  kind  of  impluviuni.  Here  truly 
was  the  council  chamber  of  a  Mycenwan  king  or  sovereign  lady.  It 
may  be  said  to-day  that  the  youngest  of  European  rulers  has  in  his 
dominions  the  oldest  thivDne  in  Europe  (fig.  5). 

The  frescoes  discovered  on  the  palace  site  constitute  a  new  epoch  in 
the  history  of  painting.  Little,  indeed,  of  the  kind  even  of  classical 
Greek  antiquity  has  been  hitherto  known  earlier  at  least  than  the 
Pompeian  series.  The  first  find  of  this  kind  marks  a  red-letter  day  in 
the  story  of  the  excavation.  In  carefully  uncovering  the  earth  and 
debris  in  a  passage  ut  the  back  of  the  southern  Propytieuni  there  came 
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to  light  two  largfi  fragments  of  what  proved  to  be  the  upper  paH  of  a 
youth  bearing  a  gold-mounted  silver  cup  (fig.  6).  The  robe  is  deco- 
rated with  a  beautiful  quarterfoit  pattern;  a  silver  ornament  appears 
in  front  of  the  ear,  and  silver  rings  on  the  arms  and  neck.  What  is 
specially  interesting  among  the  omanents  is  an  ^fatc  gem  on  the  left 
wrist,  thus  illustrating  theinannerof  wearing  the  beautifully  engraved 
signets  of  whii'b  many  clay  impressions  were  found  in  the  palace. 

The  colors  were  almost  as  brilliant  as  when  laid  down  over  three 
thousand  years  before.  For  the  first  time  the  true  portraitiire  of  a 
man  of  tbiw  myHterious  Myceniran  iBce  rises  before  us.  The  flesh 
tint,  following  perhaps  an  Egyptian  precedent,  is  of  a  deep  reddish 
brown.  The  limbs  are  finely  molded,  though  the  waist,  as  usual  in 
Myeensean  fashions,  is  tightly  drawn  in  by  a  .silver-mounted  girdle, 
giving  great  relief  to  the  hips.  The  profile  of  the  face  is  pure  and 
almost  classically  Greek.  This,  with  the  dark  curly  hair  and  high 
brachyccphalic  head,  recalls  an  indigenous  type  well  I'epi'escnted  still 
in  the  glens  of  Ida  and  the  White  Mountains — a  type  which  brings 
with  it  many  reminiscences  from  the  Albanian  highlands  and  the 
neighboring  regions  of  Montenegro  and  Herzegovina.  The  lips  are 
somewhat  full,  but  the  physiognomy  has  certainly  no  Semetic  cast. 
The  profile  rendering  of  the  eye  shows  an  advance  in  human  portrait- 
ure foreign  to  I^yptian  art,  and  only  achieved  by  the  artists  of  clas- 
sical Greece  in  the  early  fine-art  period  of  the  fifth  century  B.  C. — 
after  some  eight  centuries,  that  is,  of  barliaric  decadence  and  slow 
revival. 

There  was  something  very  impressive  in  this  vision  of  brilliant 
youth  and  of  male  beauty,  recalled  after  so  long  an  interval  to  our 
upper  air  f  i-om  what  had  been  till  yesterday  a  forgotten  world.  Even 
our  untutored  Cretan  workmen  felt  the  spell  and  fascination.  They, 
indeed,  regarded  the  discovery  of  such  a  painting  in  the  bosom  of  the 
eaiih  a>i  nothing  less  than  mirai-ulous,  and  saw  in  it  the  'Mcon"  of  a 
saint.  The  removal  of  the  fresco  required  a  delicate  and  laboHoiis 
process  of  imderplastering,  which  necessitated  its  being  watched  at 
night,  and  old  Manolis,  one  of  the  most  trastworthy  of  our  gang,  was 
told  off  for  the  purpose.  Somehow  or  other  he  fell  asleep,  but  the 
wrathful  .saint  appeared  to  him  in  a  dream;  waking  with  a  start,  he 
was  conscious  of  a  mysterious  presence;  the  animals  round  began  to 
low  and  neigh  and  "there  were  visions  about;"  "  ^arvraCf',"  he  said, 
in  summing  up  his  experiences  next  morning,  "the  whole  place 
spooks ! " 

To  the  north  of  the  palace,  in  some  rooms  that  seem  to  have 
belonged  to  the  women's  quarter,  frescoes  were  found  in  an  entirely 
novel  miniature  style.  Here  were  Indies  with  white  complexions — 
due,  wo  may  fancy,  to  the  si-clusionof  harem  life — d^collcti's,  but  with 
fashionnltlc  puffed  sleeves  and  fiounced  gowns,  and  their  hair  as  elab- 
orately culled  and  friso  as  if  they  were  fresh  fmm  a  coiffeurs  handa. 


FiQ.  6.— Fresco  of  the  Cupbearer  (Original  Life  Size). 
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"Mais,"  exclaimed  a  French  savant  who  honored  me  with  a  visit,  "ces 
sent  des  Paristt-nnes! " 

They  were  seated  in  groups,  engaged  in  animated  conversation,  in 
the  courts  and  gardens  and  on  the  balconies  of  a  palatial  building, 
while  in  the  walled  spaces  beyond  were  large  crowds  of  men  and  boys, 
some  of  them  hurling  javelins.  In  some  cases  both  sexes  were  inter- 
ntingled.  These  alternating  scenes  of  peace  and  war  recall  the  subjects 
of  Achilles'  shield,  and  we  have  here  at  the  same  time  a  contemporary 
illustration  of  that  populousness  of  the  Cretan  cities  in  the  Homeric 
age  which  struck  the  imagination  of  the  bard.  Certain  fr^^tients  of 
fresco  belong  to  the  still  earlier  period  of  .(Egean  ait,  which  precedes 
the  Myceneean,  well  illustrated  in  another  field  by  the  elegant  painted 
vases  found  by  Mr.  Hogarth  in  some  private  houses  on  this  site.  A 
good  idea  of  the  refinement  already  reached  in  these  earlier  days  of 
the  palace  is  given  by  the  subject  of  one  fresco  fragment  in  this  *'  pre- 
Mycensean"  style — namely,  a  boy,  in  a  field  of  white  crocuses,  »ome 
of  which  he  has  gathered  and  is  placing  in  an  ornamental  vase. 

Very  valuable  architectural  details  were  supplied  by  the  walls  and 
buildings  of  some  of  the  miniature  frescoes  above  described.  In  one 
place  rose  the  facade  of  a  small  temple,  with  triple  cells,  containing 
sacred  pillars,  and  representing  in  a  more  advanced  form  the  an-ange- 
ment  of  the  small  golden  shrines,  with  doves  perched  upon  them, 
found  by  Schliemann  in  the  shaft  graves  at  Mycenie.  This  temple 
fresco  haj  a  peculiar  interest,  as  showing  the  character  of  a  good  deal 
of  the  upper  structure  of  the  i>alace  itself,  which  has  now  periinbed. 
It  must  largely  have  consisted  of  clay  and  i-ubble  ivalls,  artfully  con- 
cealed under  brilliantly  painted  plaster,  and  contained  and  supported 
by  a  woodwork  fi-aming.  The  base  of  the  small  temple  I'ests  on  the 
huge  gypsum  blocks  which  form  so  conspicuous  a  feature  in  the  exist- 
ing remains,  and  below  the  central  opening  is  inserted  a  frieze,  recall- 
ing the  alabaster  reliefs  of  the  palace  hall  of  Tiryns,  with  triglyphs, 
the  prototypes  of  the  Doric,  and  the  half-rosettes  of  the  "  metopes  " 
inlaid  with  blue  enamel,  the  Kyanos  of  Homer. 

A  transition  from  painting  to  sculpture  was  supplied  by  a  gi-eat 
relief  of  a  bull  in  hard  plaster,  colored  with  the  natural  tints,  large 
parts  of  which,  including  the  bead,  were  found  near  the  northern  gate. 
It  is  unquestionably  the  finest  plastic  work  of  the  time  that  has  come 
down  to  us,  stronger  and  truer  to  life  than  any  classical  sculpture  of 
the  kind  (fig.  7). 

Somewhat  more  conventional,  but  still  showing  great  naturalistic 
power,  is  the  marble  head  of  a  lioness,  made  for  the  spout  of  a 
fountain.  It,  too,  had  been  originally  tinted,  and  the  eyes  and  nos- 
trils inlaid  with  brightly  colored  enamels.  A  jmrt  of  a  stone  frieze, 
with  finely  undercut  I'osettes,  recalled  similar  fragments  from  Tiryns 
and  Mycenee,  but  far  surpasses  them  in  execution. 
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Vases  of  marble  and  other  stones  abounded,  some  exquisitely  <»rved. 
Among  these  was  one  cut  out  of  alabaster  in  the  shape  of  a  great 
Triton  shell,  every  coil  and  fold  of  which  was  accurately  repi'odueed. 
A  porphyry  lamp,  supported  on  aquatrefoti  pillar,  with  a  bojiuliful 
lotus  capital,  well  illustrates  the  influence  of  an  Egyptian  model. 
But  the  model  was  here  surpassed. 

Among  the  more  curious  arts  practiced  in  prehistoric  Knossos  was 
that  of  miniature  painting  on  the  back  of  plaques  of  crystal.  A  gal- 
loping hull  thus  delineated  on  an  azure  background  is  a  little  master- 
piece in  its  way.  A  small  relief  on  a  banded  agate,  representing  a 
dagger  in  an  ornamental  sheath  resting  on  un  artistically  folded  belt, 
to  a  certain  extent  anticipates  by  many  centuries  the  art  of  cameo 
carving.  A  series  of  clay  seals  were  also  discovered,  exhibiting 
impressions  of  int^lios  in  the  fine  bold  Mycennn  style;  one  of  these, 
with  two  hulls,  latter  than  any  known  signet  gem  of  the  kind,  may 
well  have  been  a  roj'al  seal.  The  subjects  of  some  of  these  int^ltos 
show  the  development  of  a  surprisingly  picturesque  style  of  art.  Wc 
see  fish  naturalistically  grouped  in  a  rocky  pool,  a  hart  beside  a  water 
brook  in  a  mountain  glen,  and  a  grotto,  aliove  which  some  small 
monkey-like  creatures  are  seen  climbing  the  overhanging  cr^s. 

But  manifold  as  were  the  objects  of  interest  found  within  the  [ulat^-e 
walls  of  KnoHsos,  the  crowning  discovery — or,  rather,  series  of  di-s- 
coveries — remains  to  be  told.  On  the  last  day  of  March,  not  far 
below  the  surface  of  the  ground,  a  little  to  the  I'ight  of  the  southern 
portico,  there  turned  up  a  clay  tablet  of  elongated  shape,  bearing  on 
it  incised  characters  in  a  linear  script,  accompanied  by  numeral  signs. 
My  hopes  now  ran  high  of  finding  entire  deposits  of  clay  archive**, 
and  they  were  speedily  i-ealized.  Not  far  from  the  scene  of  the  first 
discovery  there  came  to  light  a  clay  receptacle  containing  a  hoard  of 
tablets.  In  other  chambers  occurred  similar  deposits,  which  had  orig- 
inally been  stored  in  coffers  of  wood,  clay,  or  gypsum.  The  tablets 
themselves  are  of  various  forms,  some  flat,  elongated  bars,  from  alwut 
2  to  7i  inches  in  length,  with  wedge-like  ends;  others,  lai^r  and 
squarer,  ranging  in  size  to  small  octavo  (fig.  8).  In  one  particular 
magazine  tablets  of  adifferent  kind  were  found^perf  orated  bars,  cres- 
cent and  s<'allop-like  "labels,"  with  writing  in  the  same  hieroglyphic 
style  as  that  on  the  seals  found  in  eastern  Crete.  But  the  great  mass, 
amounting  to  over  a  thousand  inscriptions,  beloiige<l  to  another  and 
more  advanced  system  with  linear  characters.  It  was,  in  short,  a 
highly  developed  form  of  script,  with  regular  divisions  between  the 
words,  and  for  elegance  hardly  suipassed  by  any  later  form  of  writing. 

A  clue  to  the  meaning  of  these  clay  records  is  in  many  cases  sup- 
plied hy  the  addition  of  pictorial  illustrations  representing  the  objects 
concerned.  Thus  we  find  human  figures,  perhaps  slaves;  chariots  and 
horses;  arms  or  implements  and  armor,  such  as  axc^  and  cuirasses; 
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houf»e8  or  bamn;  ears  of  barley  or  other  cereals;  swine;  various  kinds 
of  trees,  and  a  long-stamened  flower,  evidently  the  saffron  crocus,  used 
for  dyes.  On  some  tablets  appear  ingots,  probably  of  bronze,  fol- 
lowed by  a  balance  {the  Greek  TakavTov),  and  figures  which  prolwbly 
indicate  their  value  in  Mycensean  gold  talents.  The  numerals  attached 
to  manj'  of  these  objects  show  that  we  have  to  do  with  accounts  refer- 
ring to  the  royal  stores  and  arsenals. 

Some  tablets  relate  to  ceramic  vessels  of  various  forma,  many  of 
them  containing  marks  indicative  of  their  contents.  Others,  still 
more  interesting,  show  vases  of  metallic  forms,  and  obviously  relate 
to  the  royal  treasures.  It  is  a  highly  significant  fact  that  the  most 
characteristic  of  these,  such  as  a  beaker  like  the  famous  gold  cups 
found  in  the  Vapheio  tomb  near  Sparta,  a  high-spouted  ewer  and  an 
object,  perhaps  representing  a  certain  weight  of  metal,  in  the  form  of 
an  ox's  head,  i-ecur — together  with  the  ingots  with  incurving, sides 
among  the  gold  offerings  in  the  hands  of  the  tributary  JEge&n  princes — 
on  Egyptian  monuments  of  Thothmes  Ill's  time.  These  tributary 
chieftains,  described  as  Kefts  and  people  of  the  isles  of  the  sea,  who 
have  been  already  recognized  as  the  representatives  of  the  Mycentean 
culture,  recall  in  their  dress  and  other  particulars  the  Cretan  youths, 
such  as  the  cupbearer  above  described,  who  take  part  in  the  proces- 
sional scenes  on  the  palace  frescoes.  The  appearance  in  the  records 
of  the  royal  treasury  at  Knossos  of  vessels  of  the  same  form  as  those 
offered  by  them  to  Pharaoh  is  itself  a  valuable  indication  that  some  of 
these  clay  archives  approximately  go  back  to  the  same  period — in 
other  words,  to  the  beginning  of  the  fifteenth  century  B.  C. 

Other  documents,  in  which  neither  ciphers  nor  pictorial  illustrations 
are  to  be  found,  may  appeal  even  more  deeply  to  the  imagination. 
The  analogy  of  the  more  or  less  contemporary  tablets,  written  in  cunei- 
form script,  found  in  the  palaee  of  Tell-el-Amama,  might  lead  us  to 
expect  among  them  the  letters  from  distant  governors  or  diplomatic 
correspondence.  It  is  probable  that  some  are  contracts  or  public  acts, 
which  may  give  some  actual  formulas  of  Minoan  legislation.  There 
is,  indeed,  an  atmosphere  of  legal  nicety,  worthy  of  the  house  of  Minos, 
in  the  way  in  which  these  clay  records  were  secured.  The  knots  of 
string  which,  according  to  the  ancient  fashion,  stood  in  the  place  of 
locks  for  the  coffers  containing  the  tablets,  were  rendered  inviolable 
by  the  attjichment  of  clay  seals,  impressed  with  the  finely  engraved 
signets,  the  tjpes  of  which  represent  a  great  variety  of  subjects,  such 
as  ships,  L-hariots,  religious  scenes,  lions,  bulls,  and  other  animals. 
But,  as  if  this  precaution  was  not  in  itself  considered  suflScient,  while 
the  clay  was  still  wet  the  face  of  the  seal  was  countermarked  by  a  con- 
trolling official,  and  the  back  countersigned  and  indorsed  by  an  inscrip- 
tion in  the  same  Mycenteao  script  as  that  inscribed  on  the  tablets  them- 
selves. 
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Much  study  and  comparison  will  be  nccossary  for  the  elu(;idation  of 
these  materials,  which  it  may  be  hoped  will  be  larfrely  supplemented 
by  the  continued  exploration  of  the  palace.  If,  as  may  well  be  the 
case,  the  languge  in  which  they  were  written  was  .wme  piiniitive  form 
of  Greek  we  need  not  despair  of  the  final  decipherment  of  these  Knoii- 
Bian  archives,  and  the  bounds  of  history  may  eventually  be  so  enlarged 
as  to  take  in  the  "heroic  age"  of  Greece.  In  any  case  the  weighty 
question,  which  years  before  I  had  set  myself  to  solve  on  Cretan  soil, 
has  found,  so  far  at  least,  an  answer.  That  great  early  civilization  was 
not  dumb,  and  the  written  records  of  the  Hellenic  world  are  carried 
back  some  seven  centuries  beyond  the  date  of  the  first  known  historic 
writings.  But  what,  perhaps,  is  even  more  remarkable  than  this  is 
that,  when  we  examine  in  detail  the  linear  script  of  these  Myoensean 
documents,  it  is  impossible  not  to  recognize  that  we  have  here  a  sys- 
tem of  writing,  syllabic  and  perhaps  partly  alphabetic,  which  stand.s 
on  a  distinctly  higher  level  of  development  than  the  hieroglyphs  of 
Egypt  or  the  cuneiform  script  of  contemporary  Syria  and  Babylonia. 
It  is  not  till  some  five  centuries  later  that  we  find  the  first  tlated  exam- 
ples of  Phoenician  writing. 

The  signs  already  mentioned  as  engraved  on  the  great  gypsum  blocKs 
of  the  palace  must  be  regarded  as  distinct  from  the  script  proper. 
These  blocks  go  back  to  the  earliest  period  of  the  building,  and  the 
symbols  on  them,  which  are  of  very  limited  selection,  but  of  constant 
recurrence,  seem  to  have  had  a  religious  significance.  The  most  con- 
stantly recurring  of  these,  indeed,  is  the  labrys  or  double  ax  already 
referred  to — the  special  symbol  of  the  Cretan  Zeus,  votive  deposits  of 
which  in  bronze  have  been  found  in  the  cave  sanctuaries  of  the  god 
on  Mount  Ida  and  Mount  Dicta.  The  double  ax  is  engraved  on  the 
principal  blocks,  such  as  the  corner  stones  and  door  jambs  throughout 
the  building,  and  recurs  as  a  sign  of  dedication  on  every  side  of  every 
block  of  a  sacred  pillar  that  forms  the  center  of  what  seems  to  have 
been  the  inmost  shrine  of  an  aniconic  cult  connected  with  this  indigen- 
ous divinity. 

The  "house  of  Minos"  thtw  turns  out  to  l>e  also  the  house  of  the 
double  ax^the  labrys  and  its  lord — ^in  other  woids,  it  is  the  true  Laby- 
rinthos.  The  divine  inspirer  of  Minos  was  not  less  the  lord  of  the  bull, 
and  it  is  certainly  no  accidental  coincidence  that  huge  figures  of  bulls  in 
painting  and  plaster  occupied  conspicuous  positions  within  it.  Nay, 
more,  on  a  .small  steatite  relief,  a  couchant  bull  is  seen  above  the  door- 
way of  a  building  prolmbly  intended  to  represent  the  palace,  and  this 
would  connect  it  ui  the  most  direct  way  with  the  sacred  animal  of  the 
Cretan  Zeus. 

There  can  be  little  remaining  doubt  that  this  vast  edifice,  which  in  a 
broad  historic  sense  we  are  justified  in  calling  the  "imlacc  of  Minos." 
is  one  and  the  same  as  the  tiiiditional  "labyrinth."     A  grea^  part 
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of  the  ground  plan  itself,  with  its  long  corridors  and  repeated  auc- 
ceasion  of  blind  galleries,  its  tortuous  jmssagcs  and  spacioua  under- 
ground conduit,  its  bewildering  syatem  of  small  chambers,  does  in  fact 
present  many  of  the  characteristics  of  a,  maze- 
Let  us  place  ourselves  for  a  moment  in  the  position  of  the  first 
Dorian  colonists  of  Knossos  after  the  great  overthrow,  when  featui-es 
now  laboriously  uncovered  by  the  spado  were  still  perceptible  amid 
the  mass  of  ruins.  The  name  was  still  preserved,  though  the  exact 
meaning,  as  supplied  by  the  native  Cretan  dialect,  had  been  probably 
lost.  Hard  by  the  western  gate  in  her  royal  robes,  to-day  but  partially 
visible,  stood  Queen  Ariadne  herself — and  might  not  the  comely  youth 
in  front  of  her  be  the  hero  Theseus,  about  to  receive  the  coil  of  thread 
for  his  errand  of  liberation  down  the  mazy  galleries  beyond?  Within, 
fresh  and  beautiful  on  the  walls  of  the  inmost  chambers,  were  the  cap- 
tive boys  and  maidens  locked  up  here  by  the  tyi-ant  of  old.  At  more 
than  one  turn  rose  a  mighty  bull,  in  some  cases,  no  doubt,  according 
to  the  favorite  Myceneean  motive,  gmppled  with  by  a  half-naked  man. 
The  type  of  the  Minotaur  ttself  as  a  man-bull  was  not  wanting  on  the 
soil  of  prehistoric  Knossos,  and  more  than  one  gem  found  on  this  site 
represents  a  monster  with  the  lower  body  of  a  man  and  the  forepart  of 
a  bull. 

One  may  feel  assured  that  the  effect  of  these  artistic  creations  on 
the  rude  Gieek  settler  of  those  days  was  not  less  than  that  of  the  disin- 
terred fresco  on  the  Cretan  workman  of  to-daj.  Everything  around — 
the  dark  passages,  the  lifelike  figures  sui-viving  fi-om  an  older  world — 
would  conspire  to  protluce  a  sense  of  the  supernatural.  It  was  haunted 
ground,  and  then,  as  now,  "phantasms"  were  about.  The  later  stories 
of  the  grisly  king  and  his  man-eating  bull  spmng,  as  it  were,  from  the 
soil,  and  the  whole  site  called  forth  a  superstitious  awe.  It  was  left 
severely  alone  by  the  newcomers.  Another  Knossos  grew  up  on  the 
lower  slopes  of  the  hill  to  the  north,  and  the  old  palace  site  became  a 
"desolation  and  hissing."  Gradually  earth's  mantle  covered  the  mined 
heaps,  and  by  the  time  of  the  Romans  the  labyrinth  had  become  noth- 
ing more  than  a  tradition  and  a  name. 
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THE  ENGRAVED  PICTURES  OF  THE  GROTIX)  OF  LA 
MOUTHE,  DORIXXJNE,  FRANCE.' 


By  M.  Ehile  RivifeRE. 

INTRODU<mON,  BY   O,    T,    MASON. 

The  gi-otto  of  La  Mouthe  is  in  the  commune  of  Tayac,  Dordogne, 
France.  Thia  remarkable  valley  has  yielded  some  of  the  most  won- 
derful i-esults  in  the  history  of  paleolithic  and  neolithic  man  in  France. 
The  valley  of  the  Vezere  has  been  especially  fruitful,  the  following 
well-known  sites  occurring  there:  Gorge-d'Enfer,  discovered  by 
Lartet  and  Christy;  Cro-Magnon,  explored  by  Massenat;  les  Eyzies; 
La  Mouthe,  explored  by  Kiviere;  and  I«ugerie-Haute. 

In  these  caverna  are  found  remains  and  human  workmanship  belong- 
ing to  the  Mousterian,  SolutrSan,  and  Magdalenian  epochs.  These 
three  epochs  form  the  close  of  the  Paleolithic  period  in  Eui-ope  and 
lead  to  the  polished-stone  people,  especially  of  the  Swiss  Lake  Dwell- 
ings. The  following  tabulated  form,  copied  from  De  Mortillet's  Le 
Pr^historique,  will  show  the  exact  position  which  the  discoveries 
made  by  Rivifere  in  the  cave  of  La  Mouthe  occupied  in  the  series  of 
epochs  covering  the  entire  history  of  France: 
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For  nearly  ten  years  M.  Riviere  has  devoted  time  to  the  exploration 
of  these  cave^j.  Hia  first  paper  was  read  before  the  Acad^mie  des 
Sciences,  Paris. 

Perhaps  the  most  interesting  feature  connected  with  the  Doixlogne 
caves  is  that  upon  their  walls  have  been  found,  from  time  to  time,  fig- 
urea  of  animals  cut  into  the  rock  or  painted  on  the  surface  with  ocher. 

In  1878  L.  Chiron  called  the  attention  of  archseologists  to  a  grotto 
in  the  department  of  Gard,  showing  many  lines  cut  into  the  sandstone 
wall;  but  it  was  in  1895  that  M.  EiviSre  explored  another  grotto  or 
cavern — that  at  La  Mouthe,  Tayac,  Dordogne.  This  remarkable 
cavern  revealud,  along  with  remains  of  bear  and  hyena,  deposits  of 
Muusterian  and  Neolithic  relics,  and  also  its  walls  and  ceilings  were 
garnished  with  sculptures  cut  in  the  rock  and  paintings  in  ocher. 

Fmnvois  Daleau  also  brought  to  the  attention  of  the  public  bis  dis- 
coveries in  the  grotto  of  Pairnon-Pair  at  Marcamps,  Gironde,  which 
was  filled  with  arcbeeological  deposits.  Here  the  walls  also  were 
adorned  with  figures  of  animals  cut  in,  and  the  interior  had  been  filled 
up  by  Magdalenian  deposits  quite  to  the  ceiling.  This  deposit  rested 
upon  Solutr^an  and  Mousterian  layers  below,  and  on  the  walls  of  these 
there  were  no  engravings.  This  fact  locates  the  engravings  some- 
where between  the  Mousterian  and  the  Magdalenian;  that  is,  in  or 
about  the  Solutr^an,  the  horse  epoch  of  ancient  France. 

The  carvings  illustrated  in  this  paper  are  in  continuation  of  Riviere's 
former  explanations.  They  represent  a  portion  only  of  the  sculptures 
i-evealed;  others  will  be  reported  on  later  by  him. 

O.  T.  Mason, 


ENGEAVINQ8  OF  GROTTO  LA  MOUTHE.  441 

X  have  the  honor  of  presenting  to  the  Anthropological  Society  of 
Paris  reproductions  of  Bonie  of  the  new  carvings  discovered  bj-  me 
in  the  grotto  of  La  Mouthe  since  my  last  communication,  reserving 
still  others  for  subsequent  presentation. 

I  shall  not  here  review  the  circumstances  of  the  discovery  nor  ttie 
appearance  of  the  cave  when,  on  June  11, 1895, 1  penetrated  the  cham- 
bers previously  unknown;  neither  i^hall  I  8peak  of  the  extensive 
labors  undertaken  at  that  time,  and  which  I  have  since  pursued  each 
year  in  one  or  moi-e  fields  of  research;  nor  shall  1  describe  the  hearths 
of  different  epochs.  Paleolithic  and  Neolithic,  which  I  have  discovered 
and  in  great  pai-t  explored  from  the  entrance  to  a  certain  distance 
inward. 

Finally,  I  shall  not  enter  into  details  concerning  the  fauna  and  the 
contemporaneous  industry  of  each  of  those  periods,  whose  dates  may 
be  determined  with  certainty.  This  would  only  needlessly  repeat 
what  I  have  said  on  several  occasions  here  at  the  Institute,  at  the 
French  Association,  and  elsewhere,"  I  limit  myself  to  the  presenta- 
tion of  the  drawings  which  I  submit  to  you,  and  to  a  summary  descrip- 
tion of  the  carvings  of  which  they  are  faithful  reproductions. 

These  drawings  are  at  present  only  seven  **  in  number,  but  there  are 
several  oUier  carvings  actually  discovered,  which  lack  of  time  has 
prevented  me  from  stamping,  tracing,  or  molding. 

In  the  study  of  La  Mouthe,  I  have  simultaneously  occupied  myself 
with  the  exploration  of  hearths,  the  discovery  of  pictures,  and  super- 
intending the  excavation  of  the  day  which  fills  the  cave  almost  to  the 
roof,  and  with  greater  thickness  the  further  we  penetrate. 

The  engravings  of  La  Mouthe  form,  so  to  speak,  a  certain  number 
of  panels "  on  the  walls  of  the  grotto.  The  seven  drawings  of  which  I 
here  present  as  faithful  reproductions  as  possible,  belong  to  three  dif- 
ferent panels:  one  about  07  meters  from  the  entrance  of  the  cavern,  the 
second  at  113  meters,  the  third  at  1'2%  meters.  Two  of  the  drawings 
belong  to  the  first  panel,  one  representing  a  bison,  the  other  a  bovine 
animal  with  some  tnutes  of  another  species.  Three  dmwings  are  taken 
from  the  second  panel  and  represent  a  reindeer,  an  ibex,  and  a  mam- 
moth.   The  figures  from  the  third  panel  are  of  two  hoi'se-like  animals. 

(1)  The  species  of  animal  represented  by  the  first  di-awing  (fig.  1) 
can  not  be  in  doutit,  thanks  to  its  enoiTnous  hump  (its  dimensions  are 
indeed,  much  exaggerated)  and  to  the  beard  which  it  carries  under 
the  lower  jaw.     It  is  a  veritable  bison  {Btis  prl^cus).     The  creature  is 

■  Academy  o(  Sciences,  October,  1894;  June  an<i  July,  1895;  .\pril,  1897;  Septem- 
ber, IfWl.  French  Association  for  the  Advancement  of  Science,  1897.  Anthropo- 
loKical  Society  of  Paris,  June  3,  1897;  November4  and  18,  1897;  November,  1899. 

''  Five  of  them  are  the  reproductii  i  of  tracings  executed  by  me  on  October  1, 1900; 
the  other  two  were  made  by  M.  H.  Breuil  on  his  second  visit  to  the  grotto  of  La 
Mouthe. 

'  These  panels  occupy  a  surface  of  several  meters,  and  are  separated  from  each 
Other  by  more  or  less  considerable  intervals. 
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engraved  in  profile  at  97  to  98  meters  from  the  entrance  and  on  the 
left  wall  of  the  grotto.  The  dimensions  of  the  drawing  are  far  from 
being  those  of  the  animal  (0.91  meter  in  length  from  the  forehead 
to  the  extremity  of  the  tail  with  a  height  of  0.52  meter).  The  head 
is  small  and  well  drawn.     The  horns  are  well  reproduced  and  almost 


meet  at  their  points,  forming  a  nearly  complete  circle;  but  they  have 
not  the  normal  implantation  of  the  horns  of  the  bison.  Under  the 
lower  jaw  are  seen  numerous  haii-s.  As  to  the  hump  which,  above  all, 
characterizes  this  bovid,  it  is  enormous  and,  as  just  said,  out  of  pro- 
portion with  the  dimensions  of  the  animal.     It  Iwgins  behind  the  first 


cervical  vertebrte,  and  extends  hack  of  the  sacral  vertebrBe  or  almost 
to  the  origin  of  the  tail.  The  latter,  relatively  large  at  its  insertion, 
IS  incurved  in  a  quite  pronounced  fashion  from  above  lownward,  and 
ends  in  a  tapering  point.  The  well-nmde  legs,  as  well  as  the  bind 
quarters,  are,  however,  a  little  too  thin  and  long.  The  ventral  line  is 
slightly  convex  downward. 
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(2)  The  next  drawing  b  also  of  k  bovid,  perhaps  even  of  two  bovids, 
considering  the  confusion  of  the  strokes.  In  any  case,  there  is  no 
suggestion  of  a  bison.     Here,  in  fact,  there  L-^  no  trace  of  a  dorsal 


prominence,  or  of  any  hump  whatever,  nor  any  hair  on  the  chin. 
The  drawing  measures  0.88  meter  in  length  and  0.55  meter  in  height 
(fig.  2).     The  two  animals  which  it  represents,  if  two  animals  there 
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be,  have  only  a  i^ingle  bead.  The  latter  13  fine  and  would  seem  to  ite 
rather  that  of  one  of  the  Cervidte,  were  it  not  for  the  two  horns  which 
surmount  the  forehead  and  which  are  recurved  ijto  nearly  a  con;- 
plete  circle,  the  two  points  being  separated  by  only  3i  centimeters. 
Between  the  two  horna  are  seen  a  sort  of  ear — the  right  ear — hut  badly 
inserted.  The  two  front  lega  are  certainly  those  of  a  bovid.  As  to 
the  hind  limbs,  they,  as  well  as  the  rump,  appear  to  belong  to  a  second 
animal  surmounting  the  first,  and  of  which  we  can  perceive  no  more 
than  the  dorso-cervical  line  which  curves  back  in  front,  simulating  a 
bead. 

The  bovid,  properly  so  called,  is  drawn  in   left  profile,  while  the 
bison  is  seen  from  the  right,  and  upon  the  Hank  are  a  few  marks, 


some  parallel  and  others  intercrossing,  which  descend  to  the  ventral 
line.  By  its  intricacies  this  figure  offers  great  analogies  with  the 
drawings  engraved  on  bone  or  reindeer  horn,  which  are  found  in  the 
Magdalenian  hearths. 

I  ought  to  add  that,  above  this  doable  figure,  we  still  see  two 
engraved  lines  joining  each  other  below  in  such  a  manner  as  to  resem- 
ble the  leg  of  another  animal  whose  picture  has  been  commenced  on 
tbe  same  panel. 

(3)  The  engraving  of  the  reindeer  (fig.  3)  is  one  of  the  most  beau- 
tiful known.  It  measures  1.07  metei-s  in  length.  The  head  of  the 
animal  is  very  well  executed,  I  should  say  even  in  a  remarkable 
manner;  consequently  it  is  among  the  more  easily  recognizable.     It 
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{•^  tttrong,  all  striated  with  a  multitude  of  strokes,  either  vei'tieal 
or  slightly  slanted  from  the  right  downward  to  the  left,  some  of 
which  reach  the  throat.  They  repre»eDt  the  hair.  The  head,  seen  in 
profile,  \h  surmounted  by  a  horn  with  it»  basal  antler  directed  hori- 
zontally from  behind  towanl  the  front. 

The  muzzle  is  very  well  drawn.  On  the  contrary,  the  body  is  pro- 
portionally too  short,  measuring  0.7O  meter  from  the  front  part  of  tiic 
neck  to  the  tail.  I  may  add  that  the  animal  is  incompletely  figured, 
for  the  withers  scarcely  exist  and  a  line  only  partially  indicates  the 
back  and  rump. 

(4)  The  picture  of  an  ibex  (fig.  4)  now  follows.  Here  the  whole 
animal  in  given  with  the  exception  of  the  extremities  of  the  front  legf . 
It  measures  0.80  meter  in  length  by  0.77  meter  in  height.  The  head 
is  too  small  in  proportion  to  the  body  and  is  surmounted  by  a  large 


horn  curved  backward  in  a  half  circle.  The  ears  are  straight  and  well 
formed.  The  muzzle  is  well  executed,  but  the  jaw  is  too  short.  Then 
comes  a  neck  much  too  large,  resembling  somewhat  that  of  a  bovid. 
The  breast  and  belly  are  enormous.  The  line  of  the  latter  descends 
very  lew  in  front,  while  the  dorsal  line  is  nearly  straight,  being 
slightly  incurved  to  denote  the  slope  of  the  rump  and  then  the  tail. 
The  last,  directed  horizontally,  is  short  and  ends  in  a  two-forked  tuft. 
Aa  to  the  limbs,  the  anterior  are  not  terminated,  and  their  length  is 
about  half  that  of  the  hind  legs,  which  are  thin  and  very  long. 

In  front  of  the  ibex,  and  turned  toward  him  so  that  the  two  heads 
face  each  other,  is  seen  the  engraving  of  a  long-haired  elephant. 
Although  the  animal  is  not  complete,  it  does  not  seem  to  us  possible 
to  deny  that  it  is  intended  for  a  mammoth.  This  is,  moreover,  also 
the  opinion  of  those  of  my  colleagues  in  the  society  to  whom  I  showed 
the  drawing  (fig.  5)  before  the  opening  of  the  setision.    The  form  of 
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the  cranium,  the  dorsal  line,  the  tail,  the  origin  also  of  the  limbs  and 
their  size,  fiimlly  the  numerous  strokes  i-esemblinj;  hairs,  which  pass 
downward  from  the  belly,  are  indeed  those  of  a  mammoth;  but  neither 
the  trunk  of  the  animal  nor  ita  tusks  can  be  discerned.     The  dimen- 


sions of  the  engraving  are  much  reduced,  0,32  meter  in  length  by 
0.25  meter  in  height,  all  marks  included. 

Such  are  the  drawings  from  this  prehistoric  panel,  selected  among 
others  of  which  I  shall  eventually  make  tracings. 

(6,  7)  As  to  the  two  iigures  of  the  panel,  situated  at  128  meters  from 
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the  entrance,  shown  in  the  next  pictures,  tbey  represent  two  equids, 
entirely  different  from  each  other,  and  appearing  to  beloDg  to  two  dis- 
tinct species — the  horse  and  the  hemiooe.  The  one  haa  the  head  fine, 
well  drawn  (fig.  6),  aa  well  a.s  the  neck,  the  breast,  and  the  fore  legs, 
which  are  entire,  hoofs  included,  and  pretty  well  proportioned.  /The 
ears  are  straight  and  the  uiane  is  erect.  On  the  contrary,  the  but- 
to*;k3  are  enormous,  the  belly  is  very  large,  pendulous,  ho  to  speak,  the 
line  of  the  withers  is  straight,  without  the  least  incurving;  finally  the 
croup  is  much  too  pronounced,  and  the  short  tail  is  drooping.  As  to 
the  hind  legs,  they  are  barely  sketched. 


The  engraving  of  this  equid  measures  0.75  meter  in  length  from 
the  line  of  the  nose  to  the  tip  of  the  tail,  and  0.55  meter  in  height. 

The  other  drawing  (fig.  7)  is  that  of  a  kind  of  bearded  horse  whose 
long  and  bristling  mane  extends  almost  to  the  withers.  The  head  is 
both  long  and  dii-ected  vertically  downward,  the  ears  are  somewhat 
long,  the  forehead  is  projecting,  and  the  chin  has  a  tuft  of  hairs. 
In  departing  from  the  neck,  the  lH>dy  is  represented  only  by  a  single 
line — the  dorsal  line — which  extends  from  the  mane  to  the  tail,  figured 
here  by  several  strokes  aboutO.35  meters  long.  This  drawing  measures 
in  all  1.31  meters  in  length. 

It  is  on  this  panel  of  the  two  equids  that  several  other  animals 
appear,  such,  for  example,  as  a  sort  of  bird  (genus  Aiuis  !)  recently 
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discovered;  a  deer,  spotted,  or  rather  in  part  painted  with  ocher,  whose 
reproduction  figured  last  year  with  that  of  two  other  animals — the 
bison  and  a  bovid,  or  cquid— at  the  Universal  Exposition  in  the  section 
of  megalithic  monuments,  at  the  I'equeut  of  the  minister  of  public 
instruction. 

Such  are  the  seven  drawings  which  I  wish  to  present  to  you  to-day. 
1  add  also  the  reproduction  of  the  well-made  head  of  an  ibex,  which 
we  see  on  the  outer  face  of  the  lamp  in  sandstone  from  I^a  Moutbe 
(fig.  8). 

As  can  be  seen  from  this  figure,  which  is  identical  in  size  with  the 
original,  this  head  of  the  ibex  is  almost  as  remarkably  executed  as 
that  of  the  reindeer  which  we  have  reproduced  in  fig.  3.     The  head 


on  the  lamp  is  that  of  a  profile  in  all  its  details — nose,  mouth,  eye, 
ear,  and  finally  horns,  which  are  of  considerable  length,  measuring 
not  less  than  12  or  13  centimeters,  and  strongly  curved  in  a  semicir- 
cle.' There  is  nothing,  even  to  the  beard  of  the  animal,  which  has  not 
been  engraved.  The  oval  of  the  head  measures  0.035  meter  in  length, 
and  its  greatest  breadth  is  0.023  meter.  Two  lines  of  unequal  length, 
but  nearly  parallel,  one  descending  from  the  left  angle  of  the  jaw,  the 
other  beginning  behind  the  left  ear,  seem  to  attempt  the  representa- 
tion of  the  neck.  On  the  other  band,  the  body  and  the  legs  are  not 
figured.  We  perceive  only,  behind  the  line  of  the  neck,  several 
engraved  lines,  very  much  defaced  and  without  any  significance. 
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Such  is,  in  a  few  words,  the  description  of  the  engraved  sketches 
coining  from  the  grotto  of  La  Mouthe  which  I  desire  to  present  to  you 
to-dsy. 

THE  ENGRAVINGS  FROU   FBUCH,  BT  M.  BHII^B  BIVlfeRE. 

I  desire  also  to  uubmit  to-day  for  }'our  examination  one  of  the  pictures 
which  1  have  taken  of  the  very  curious  engravings  executed  upon  the 
wall  of  rock  against  which  abut  buildings  of  a  farmhouse  belonging  to 
the  village  of  Peuch.  This  presentation  is  merely  to  lix  the  date  of 
this  discovery,  which  goes  back  to  the  5th  of  September,  1896,  and 
was  made  by  me  in  company  with  Dr.  Burette,  who  had  informed  me 
of  it  a  few  days  before. 

It  represents  a  human  being  whose  sex  is  not  indicated.  The 
engraving  is  very  deeply  scored  in  the  rock.  The  individual  measures 
0.98  meter  in  height.  The  head,  drawn  from  the  front,  is  a  simple 
oval,  without  eyes,  nose,  mouth,  or  ears.  The  arms  are  brought 
forward  in  such  a  way  that  the  light  hand  is  held  upon  the  abdomen 
and  the  left  hand  hides  the  sex.  The  lower  limbs  end  without  feet  at 
the  level  of  the  soil. 

To  what  date  docs  this  engraving  go  back  ?  This  is  a  question  which 
I  shall  examine  subsequently  in  presenting  the  drawing  of  a  second 
human  being,  engraved  likewise  in  sunken  lines,  nearly  of  the  same 
size  as  this  one — an  engraving  of  which  I  limit  myself  to-day  to  make 
the  announcement  without  entering  further  into  details. 
8H  1901 29 
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THE  MIND  OF  PRIMITIVE  MAN. ' 


By  Franz  Boas. 


One  of  the  chief  aims  of  anthropology  iu  the  ^^tudy  of  the  mind  of 
man  under  the  varying  conditions  of  raca  and  of  environment.  The 
activities  of  the  mind  manifest  themselves  in  thought.^  and  actions, 
and  exhibit  an  infinite  variety  of  form  among  the  peoples  of  the  world. 
In  order  to  understand  these  clearly,  the  student  must  endeavor  to 
divest  himself  entirely  of  opinions  and  emotions  based  upon  the  pecul- 
iar social  environment  into  wbirh  he  is  born.  He  must  adapt  his  own 
mind,  so  far  as  feasible,  to  that  of  the  people  whom  he  is  studying. 
The  more  successful  be  is  in  freeing  bini.self  from  the  bias  based  on  the 
group  of  ideas  that  constitute  the  civilization  in  which  he  lives,  the  more 
successful  he  will  be  in  interpreting  the  beliefs  and  actions  of  man.  He 
must  follow  lines  of  thought  that  are  new  to  him.  He  must  participate 
in  new  emotions,  and  understand  how,  under  unwonted  conditions,  both 
lead  to  actions.  Beliefs,  customs,  and  the  res[)onsc  of  the  individual 
to  the  events  of  daily  life  give  us  ample  opportunity  to  observe  the 
manifestations  of  the  mind  of  man  under  varying  conditions. 

The  thoughts  and  actions  of  civilized  man  and  those  found  in  more 
primitive  forms  of  society  prove  that,  in  various  groups  of  mankind, 
the  mind  responds  quite  differently  when  exposed  to  the  same  condi- 
tions. Lack  of  logical  connection  in  its  conclusions,  lack  of  control 
of  will,  are  apparently  two  of  its  fundamental  characteristics  in  prim- 
itive society.  In  the  formation  of  opinions,  belief  takes  the  place  of 
logical  demonstration.  The  emotional  value  of  opinions  is  great,  and 
consequently  they  quickly  lead  to  action.  The  will  appeal's  unbalanced, 
there  being  a  readiness  to  yield  to  strong  emotions,  and  a  stubborn 
resistance  in  trifling  matters. 

In  the  following  remarks  I  propo.sc  to  analyze  the  differences  which 
characterize  the  mental  life  of  man  in  various  stages  of  culture.  It  is 
a  plejusant  duty  to  acknowledge  here  my  indebtedness  to  my  friends 
and  t'olleagues  in  New  York,  particularly  to  Dr.  Livingston  Farrand, 
with  whom  the  questions  here  propounded  have  iK-cn  a  frequent  theme 
of  animated  discussion,  so  much  so,  that  at  the  present  time  I  6nd  it 
impossible  to  say  what  share  the  suggestions  of  each  had  in  the  devel- 
opment of  the  conclusions  reached. 

•  Address  of  the  retiring  president  before  the  American  Folk-Lore  Society,  Balti- 
more, December  27,  1900,  Reprinted,  by  peniiiwion  of  the  author,  from  The  Journal 
of  Ai)ii.-ricaii  Folk-Lore,  Boston  and  New  York,  vol.  xiv,  Jan, -.March,  ItWl. 
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There  are  two  poHsible  explanations  of  the  different  manifestations 
of  the  mind  of  man.  It  may  be  that  the  minds  of  different  races  show 
differences  of  organization;  that  is  to  say,  the  laws  of  mental  activity 
may  not  he  the  same  for  all  mjnds.  But  it  may  also  be  that  the  organ- 
ization of  mind  b  practically  identical  among  all  races  of  man;  that 
mental  activity  follows  the  same  laws  everywhere,  but  that  its  mani- 
festations depend  upon  the  character  of  individual  experience  that  is 
subjected  to  the  action  of  these  laws. 

It  is  quite  evident  that  the  activities  of  the  human  mind  depend  upon 
these  two  elements.  The  organization  of  the  mind  may  be  defined  as 
the  group  of  laws  which  determine  the  modes  of  thought  and  of  action, 
irrespective  of  the  subject-matter  of  mental  activity.  Subject  to  such 
laws  are  the  manner  of  discrimination  between  perceptions,  the  man- 
ner in  which  perceptions  associate  themselves  with  previous  percep- 
tions, the  manner  in  which  a  stimulus  lead^  to  action,  and  the  emotions 
produced  by  stimuli.  These  Iaw»  determine  to  a  great  extent  the 
manifestations  of  the  mind. 

But,  on  the  other  hand,  the  influence  of  individual  experience  can 
easily  be  shown  to  be  very  gi-eat.  The  bulk  of  the  experience  of  man 
is  gained  from  oft-repeated  impressions.  It  is  one  of  the  fundamental 
laws  of  psychol<^y  that  the  repetition  of  mental  processes  increases 
the  facility  with  which  these  proi^esses  are  perfonned,  and  decreases 
the  degree  of  consciousness  that  accompanies  them.  This  law  exprease.s 
the  well-known  phenomena  of  habit.  When  a  certain  perception  is 
frequently  associated  with  another  previous  perception,  the  one  will 
habitually  call  forth  the  other.  When  a  certain  stimulus  frequently 
results  in  a  certain  action,  it  will  tend  to  call  forth  habitually  the  same 
action.  If  a  stimulus  has  often  produced  -a  certain  emotion,  it  will 
tend  to  reproduce  it  every  time. 

The  explanation  of  the  activity  of  the  mind  of  man,  therefore, 
requires  the  discussion  of  two  distinct  problems.  The  first  bears  upon 
the  question  of  unity  or  diversity'  of  oi^nization  of  the.  mind,  while 
the  second  bears  upon  the  diversity  pi'oduced  by  the  variety  of  con- 
tents of  the  mind  as  found  in  the  various  social  and  geographical 
environments.  The  task  of  the  investigator  consists  largely  in  sepa- 
rating these  two  causes  and  in  attributing  to  each  its  proper  share  in 
the  development  of  the  peculiarities  of  the  mind.  It  is  the  latter 
pi-oblem,  principally,  which  is  of  interest  to  the  folk-lorist.  When 
we  define  as  folk-lore  the  total  mass  of  traditional  matter  present  in 
the  mind  of  a  given  people  at  any  given  time,  we  recognize  that  this 
matter  must  influence  the  opinions  and  activities  of  the  people  more  or 
less  according  to  its  quantitative  and  qualitative  value,  and  also  that 
the  actions  of  each  individual  must  be  influenced  to  a  greater  or  less 
extent  by  the  mass  of  traditional  material  present  in  his  mind. 

We  will  first  devote  our  attention  to  the  question,  Do  differences 
exist  in  the  organization  of  the  human  inindi!     Since  Waitz^s  thorough 
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discussion  of  the  question  of  the  unity  of  the  human  species  there  can 
be  no  doubt  that  in  the  main  the  mental  characteristics  of  man  are  the 
same  all  over  the  world;  but  the  question  remains  open  whether  there 
is  a  sufficient  difference  in  grade  to  allow  us  to  assume  that  the  present 
races  of  man  may  be  considered  as  standing  on  different  stages  of  the 
evolutionary  series,  whether  we  are  justiiied  in  ascribing  to  civilized 
man  a  higher  plat-e  in  organization  that  to  primitive  man.  In  answer- 
ing this  question  we  must  clearly  distinguish  between  the  influences  of 
civilization  and  of  race.  A  number  of  anatomirjil  facbs  point  to  the 
conclusion  that  the  races  of  Africa,  Australia,  and  Melanesia  are  to  a 
certain  extent  inferior  to  the  races  of  Asia,  America,  and  Europe.  We 
find  tliat  on  the  average  the  size  of  the  brain  of  the  negroid  races  is 
leas  than  the  size  of  the  brain  of  the  other  races;  and  the  difference  in 
favor  of  the  mongoloid  and  white  races  is  so  great  that  we  are  justified 
in  assuming  a  certain  correlation  between  their  mental  ability  and  the 
increased  size  of  their  brain.  At  the  same  time  it  must  be  borne  in 
mind  that  the  variability  of  the  mongoloid  and  white  races  on  the  one 
hand  and  of  the  negroid  races  on  the  other  is  so  great  that  only  a  small 
number,  comparatively  speaking,  of  individuals  belonging  to  the  latter 
have  brains  smaller  than  any  brains  found  among  the  former;  and  that, 
on  the  other  hand,  only  a  few  individuals  of  the  mongoloid  races  have 
brains  so  large  that  they  would  not  occur  at  all  among  the  black  races. 
That  is  to  say,  the  bulk  of  the  two  groups  of  races  have  brains  of  the 
same  capacities,  but  individuals  with  heavy  brains  are  proportionately 
more  frequent  among  the  mongoloid  and  white  races  than  among  the 
negroid  races.  Probably  this  difference  in  the  size  of  the  brain  is 
accompanied  by  differences  in  structui'e,  although  no  satisfactory  infor- 
mation on  this  point  is  available.  On  the  other  hand,  if  we  compare 
civilized  people  of  any  race  with  uncivilized  people  of  the  same  race, 
we  do  not  tind  any  anatomical  diffei'ences  which  would  justify  us  in 
assuming  any  fundamental  differences  in  mental  constitution. 

When  we  consider  the  same  question  from  a  purely  psychological 
point  of  view,  we  recognize  that  one  of  the  most  fundamental  traits 
which  distinguish  the  human  mind  from  the  animal  mind  is  common 
to  all  races  of  man.  It  is  doubtful  if  any  animal  is  able  to  form  an 
abstract  conception,  such  as  that  of  number,  or  any  conception  of  the 
abstract  relations  of  phenomena.  We  find  that  this  is  done  by  all 
races  of  man.  A  developed  language  with  grammatical  categories 
pi-esupposes  the  ability  of  expressing  abstract  relations,  and,  since 
every  known  language  has  grammatical  structure,  we  must  assume 
that  the  faculty  of  forming  abstract  ideas  is  a  common  property  of 
man.  It  has  often  been  pointed  out  that  the  concept  of  number  is 
developed  very  differently  among  different  peoples.  While  in  most 
languages  we  find  numeral  systems  based  upon  the  10,  we  find  that 
certain  tribes  in  Brazil,  and  others  in  Australia,  have  numeral  systems 
based  on  the  3,  or  even  on  the  2.  which  involve  the  impossibility  of 
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expressing  high  numltcrs.  Although  these  numeral  systems  are  very 
slightly  developed  as  <'oinpared  with  our  own,  we  must  not  forget  that 
the  aVratmct  idea  of  number  must  be  present  among  these  people, 
because  without  it  no  method  of  counting  Ls  possible.  It  may  be  worth 
while  to  mention  one  or  two  other  facts  taken  from  the  grammars  of 
primitive  people,  which  will  make  it  <;lear  that  all  grammar  presup- 
poses abstractions.  The  thn^e  personal  pronouns — I,  thou,  and  he — 
occur  in  all  human  languages.  The  underlying  idea  of  the^e  pronouns 
is  the  clear  di.stint-tion  between  the  self  as  speaker,  the  person  or  object 
spoken  to,  and  that  spoken  of.  We  also  find  that  nouns  are  classified 
in  a  great  many  ways  in  different  languages.  While  all  the  older 
Indo-European  languages  classify  nouns  a<wording  to  sex,  other  lan- 
guages classify  nouns  as  animate-  or  inanimate,  or  as  human  and  not 
human,  et<'.  Activities  are  also  classified  in  many  different  ways.  It 
is  at  once  clear  that  every  classification  of  this  kind  involves  the  forma- 
tion of  an  alwti-act  idea.  The  processes  of  abstraction  arc  the  same  id 
all  languages,  and  they  do  not  need  any  further  discussion,  except  in 
so  far  as  wc  may  be  inclined  to  value  differently  the  systems  of  classi- 
fication and  the  results  of  absti'action. 

The  i|uestion  whether  the  power  to  inhibit  impulses  is  the  same  in 
all  races  of  man  is  not  so  easily  answered.  Jt  is  an  impression 
obtained  by  many  travelers,  and  also  Itased  upon  experiences  gained 
in  our  own  t^untr}',  that  primitive  man  and  the  less  educated  have  in 
conmion  a  lack  of  control  of  emotions;  that  they  give  way  more  read- 
ily to  an  impulse  than  civilized  man  and  the  highly  educated.  I 
believe  that  this  conception  is  based  lai^ly  upon  the  neglect  to  con- 
sider the  <H'casions  on  which  a  strong  control  of  impulses  is  demanded 
in  various  fonns  of  society.  What  1  mean  will  become  clear  when  I 
call  your  attention  to  the  often  desc-ril)ed  power  of  endurance  exhib- 
ited by  Indian  captives  who  undergo  toi-ture  at  the  hands  of  their 
enemies.  When  we  want  to  gain  a  true  estimate  of  the  power  of 
primitive  man  U)  control  impulses,  we  must  not  compare  the  control 
required  on  certain  occasions  among  ourselves  with  the  control  exerted 
by  primitive  man  on  the  same  occasions.  If,  for  instance,  our  social 
etiquette  forbids  the  expression  of  feelings  of  personal  discomfort  and 
of  anxiet}',  we  must  remember  that  personal  etiquette  among  primi- 
tive men  may  not  require  any  inhibition  of  the  same  kind.  We  must 
rather  look  for  those  occasions  on  which  inhibition  is  required  by  the 
customs  of  primitive  man.  Such  are,  for  instance,  the  nuraei-o us  cases 
of  taboo — that  is,  of  prohibitions  of  the  use  of  certain  foods,  or  of  the 
performance  of  certain  kinds  of  work,  which  sometimes  require  a  con- 
siderable amount  of  self-contTOl.  When  an  Eskimo  community  is  on 
the  point  of  starvation  and  their  religious  proscriptions  forbid  them  to 
make  use  of  the  seals  that  are  basking  on  the  ice,  the  amount  of  self- 
control  of  the  whole  conuuunity  which  restrains  them  from  killing 
thc'se  seals  is  ccitainly  viny  great.     Cases  of  this  kind  are  very  nu- 
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meroiis,  and  prove  that  primitive  man  has  the  ability  to  control  his 
impulses,  Imt  that  this  control  is  exerted  on  occasions  which  depend 
upon  the  character  of  the  social  life  of  the  people,  and  which  do  not 
coincide  with  the  occasion-s  on  which  we  expect  and  require  control  of 
impulses. 

The  third  point  in  which  the  mind  of  prhnitive  man  secm«  to  differ 
from  that  of  civilized  man  is  in  \tt  power  of  choosinjf  lietween  jiercep- 
tions  and  actions  according  to  their  value.  On  this  powor  rasts  the 
whole  domain  of  art  and  of  ethics.  An  object  or  an  tu-tion  bccomei^  of 
artistic  value  only  when  it  is  chosen  from  among  othei-  perceptions  or 
other  actions  on  account  of  it«  lieauty.  An  action  becomes  moral  only 
when  it  is  chosen  from  among  other  passiV>le  actions  on  account  of  its 
ethical  value.  No  matter  how  crude  the  standards  of  primitive  man 
may  Ik*  in  regard  to  these  two  points,  we  recognize  that  all  of  them 
possess  an  art,  and  that  all  of  them  possess  ethical  standards.  It  may 
be  that  their  art  is  quite  contrary  to  our  aiiistic  feeling.  Jt  may  be 
that  their  ethical  standards  outrage  our  moral  code.  We  must  clearly 
distinguish  )>ctween  the  esthetic  and  ethical  codes  and  the  existenceof 
an  eesthetic  and  ethical  standard. 

Our  brief  consideration  of  the  phenomena  of  al>straction,  of  inhibi- 
tion and  of  choice,  leads,  then,  to  the  conclusion  that  these  functions  of 
the  human  mind  are  common  to  the  whole  of  humanity,  it  may  be  well 
to  state  here  that,  according  to  our  present  method  of  considering  bio- 
logical and  pyschological  phenomena,  we  must  assume  that  these  func- 
tions of  the  human  mind  have  developed  from  lower  conditions  existing 
at  a  previous  time,  and  that  at  one  time  there  certainly  must  have 
been  races  and  tribes  in  which  the  properties  here  described  were  not 
at  all,  or  only  slightly,  developed;  but  it  is  also  true  that  among  the 
present  races  of  man,  no  matter  how  primitive  they  may  be  in  com- 
parison with  ourselves,  these  faculties  are  highly  developed. 

It  is  not  impossible  that  the  degree  of  development  of  these  func- 
tions may  differ  somewhat  among  different  typesof  man;  but  1  do  not 
believe  that  we  are  able  at  the  present  time  to  form  a  just  valuation  of 
the  power  of  ab.straction,  of  control,  and  of  choice  among  different 
races.  A  comparison  of  their  languages,  customs,  and  activities 
suggests  that  these  faculties  ma}'  be  unequally  developed;  but  the 
differences  are  not  sufficient  to  justify  us  in  ascribing  matenally  lower 
stages  to  some  peoples  and  higher  stages  to  others.  The  conclusions 
I'eached  from  these  considerations  are  therefore,  on  the  whole,  nega- 
tive. We  are  not  inclined  to  consider  the  mental  organization  of 
different  races  of  man  as  differing  in  fundamental  jwints. 

We  next  turn  to  a  consideration  of  the  second  iiuestion  propounded 
here,  namely,  to  an  investigation  of  the  influence  of  the  contents  of 
the  mind  upon  the  formation  of  thoughts  and  actions.  We  will  take 
these  up  in  the  same  order  in  which  wc  considered  the  previous  ques- 
tion.    We  will  tirst  direct  our  attention  to  the  phenomena  of  percep- 
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tioD.  It  has  been  observed  by  many  travelers  that  the  senses  of 
primitive  man  are  remarkably  well  trained;  that  he  is  an  excellent 
observer.  The  adeptness  of  the  experienced  hunt«r,  who  finds  the 
tracks  of  his  game  where  the  eye  of  an  European  would  not  aee  the 
faintest  indication,  is  an  instance  of  this  kind.  While  the  power  of 
perception  of  primitive  man  is  excellent,  it  would  seem  that  his  power 
of  logical  interpretation  of  perceptions  is  deficient.  I  think  it  can  be 
shown  that  the  reason  for  this  fact  is  not  founded  on  any  fundamental 
peculiarity  of  the  mind  of  primitive  man,  but  lies,  rather,  in  the  char- 
acter of  the  idea.s  with  which  the  new  perception  associates  itself.  In 
our  own  community  a  mass  of  observations  and  of  thoughts  is  trans- 
mitted to  the  child.  These  thoughts  are  the  result  of  careful  observa- 
tion and  speculation  of  our  present  and  of  past  generations;  but  they 
are  transmitted  to  most  individuals  as  traditional  matter,  much  the  same 
as  folklore.  The  child  associates  new  perceptions  with  this  whole 
mass  of  traditional  material,  and  interprets  bis  observations  by  its 
means.  1  believe  it  is  a  mistake  to  assume  that  the  interpretation  made 
by  each  civilized  individual  is  a  complete  lexical  process.  We  associate 
a  phenomenon  with  a  number  of  known  facts,  the  interpretations  of 
which  are  assumed  as  known,  and  we  are  satisfied  with  the  reduction  of 
a  new  fact  to  these  previously  known  facts.  For  instance,  if  the 
average  individual  hears  of  the  explosion  of  a  previously  unknown 
chemical,  he  is  satisfied  to  reason  that  certain  materials  are  known  to 
have  the  property  of  exploding  under  proper  conditions,  and  that  con- 
sequently the  unknown  substance  has  the  same  quality.  On  the  whole, 
1  do  not  think  that  we  should  try  to  argue  still  further,  and  really  try 
to  give  a  full  explanation  of  the  causes  of  the  explosion. 

The  difference  in  the  mode  of  thought  of  primitive  man  and  of  civ- 
ilized man  seems  to  consist  largely  in  the  difference  of  character  of  the 
traditional  material  with  which  the  new  perception  associates  itself. 
The  instruction  given  to  the  child  of  primitive  man  is  not  based  on 
centuries  of  experimentation,  but  consists  of  the  crude  experience  of 
generations.  When  a  new  experience  entei-s  the  mind  of  primitive 
man,  the  same  process  which  we  observe  among  civilized  men  brings 
about  an  entirely  different  series  of  associations,  and  theiefore  results 
in  a  different  type  of  explanation.  A  sudden  explosion  will  associate 
itself  in  his  mind,  perhaps,  with  tales  which  he  has  heard  in  regard  to 
the  mythical  history  of  the  world,  and  consequently  will  be  accom- 
panied by  superstitious  fear.  When  we  recognize  that,  neither  among 
civilized  men  nor  among  primitive  men,  the  average  individual  carries 
to  completion  the  attempt  at  casual  explanation  of  phenomena,  but 
carries  it  only  so  far  as  to  amalgamate  it  with  other  previously  known 
facts,  we  recognize  that  the  result  of  the  whole  pi-ocess  depends 
entirely  upon  the  character  of  the  traditional  material.  Herein  lies  the 
immense  importance  of  folklore  in  determining  the  mode  of  thought. 
Herein  lies  particuUrly  the  enormous  inHuoiice  of  current  philosophic 
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opioioD  Upon  the  masses  of  the  people,  and  herein  lies  the  influence 
of  the  dominant  ijcientiiic  theory  upon  the  character  of  scientific 
work. 

It  would  be  in  vain  to  try  to  understand  the  development  of  modem 
science  without  an  intelligent  understanding  of  modern  philosophy;  it 
would  be  in  vain  to  try  to  understand  the  history  of  mediteval  science 
witboutan  intelligent  knowledge  of  mediteval  theology;  and  so  it  in  in 
vain  to  try  to  understand  primitive  science  without  an  intellif^nt 
knowledge  of  primitive  mythology.  Mythology,  theol(^y,  and  phi- 
losophy are  different  terms  for  the  same  influences  which  shape  the 
current  of  human  thought  and  which  determine  the  character  of  the 
attempts  of  man  to  explain  the  phenomena  of  nature.  To  primitive 
man — who  has  been  taught  to  consider  the  heavenly  orbs  as  animate 
beings,  who  sees  in  every  animal  a  being  more  powerful  than  man,  to 
whom  the  mountains,  trees,  and  stones  are  endowed  with  life — expla- 
nations of  phenomena  will  suggest  themselves  entirely  different  from 
those  to  which  we  are  accustomed,  since  we  base  our  conclusions  upon 
the  existence  of  matter  and  force  as  bringing  about  the  observed 
results.  If  we  do  not  consider  it  possible  to  explain  the  whole  range 
of  phenomena  as  the  result  of  matter  and  force  alone,  all  our  explana- 
tions of  natural  phenomena  must  take  a  different  aspect 

In  scientific  inquiries  we  should  always  be  clear  in  our  own  minds  of 
the  fact  that  we  do  not  carry  the  analysis  of  any  given  phenomenon  to 
completion;  but  that  we  always  embody  a  number  of  hypotheses  and 
theories  in  our  explanations.  In  fact,  if  we  were  to  do  so,  progress 
would  hardly  become  possible,  because  every  phenomenon  would 
require  an  endless  amount  of  time  for  thorough  treatment.  We  are 
only  too  apt,  however,  to  forget  entirely  the  general,  and,  for  most  of 
us,  purely  traditional,  theoretical  basis,  which  is  the  foundation  of  our 
reasoning,  and  to  assume  that  the  result  of  our  reasoning  is  absolute 
truth.  In  this  we  commit  the  same  error  that  is  committed,  and  has 
been  committed,  by  all  the  less  civilized  peoples.  They  are  more 
easily  satisfied  than  we  are  at  the  present  time,  but  they  also  assumeas 
true  the  traditional  element  which  enters  into  their  explanations,  and 
therefore  accept  as  absolute  truth  the  conclusions  based  on  it.  It  is 
evident  that  the  fewer  the  nunil^er  of  traditional  elements  that  enter 
into  our  reasoning,  and  the  clearer  we  endeavor  to  be  in  regard  to  the 
hypothetical  part  of  our  reasoning,  the  more  logical  will  be  our  con- 
clusions. There  is  an  undoubted  tendency  in  the  advance  of  civiliza- 
tion to  eliminate  traditional  elements,  and  to  gain  a  clearer  and  clearer 
insight  into  the  hypothetical  basis  of  our  reasoning.  It  is  therefore 
notsurpriuing  that,  with  the  advance  of  civilization,  reasoning  becomes 
more  and  more  logical,  not  because  each  individual  carries  out  his 
thought  in  a  more  logical  manner,  but  because  the  traditional  material 
which  is  handed  down  to  each  individual  has  been  thought  out  and 
worked  out  more  thoroughly  and  more  carefully.    While  in  primitive 
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civilization  the  truditional  iiiatciial  ix  doubted  Hrxt  examined  by  only  a 
very  few  individualy,  the  niimber  of  thinkers  who  try  to  free  them- 
selves from  the  fetters  of  tradition  inerea«e«  as  eivilization  advances. 

The  influence  of  traditional  material  upon  the  life  of  man  is  not 
restricted  to  his  thoughts,  but  nianifei<t>«  it«elf  no  lesK  in  his  activities. 
The  comparison  l>etween  civilised  man  and  primitive  man  in  this 
respect  is  oven  more  instruetive  than  in  the  preceding;  eaae,  A  com- 
parison between  the  modes  of  life  of  different  nations,  and  particularly 
of  civilized  man  and  of  primitive  man,  makes  it  clear  that  an  enormous 
number  of  our  actions  arc  determined  entirely  by  traditional  associa- 
tions. When  we  consider,  for  instance,  the  whole  i-ange  of  our  daily 
life,  we  notice  how  strictly  we  are  dependent  upon  ti-adition  that  can 
not  bo  accounted  for  by  any  logical  reasoning.  We  eat  our  three 
meals  every  day,  and  feel  unhappy  if  we.  have  to  forego  one  of  them. 
There  is  no  physiolt^ieal  reason  which  demands  three  meals  aday,  and 
we  find  that  many  people  are  satisfied  with  two  meals,  white  others 
enjoy  four  or  even  more.  The  range  of  animals  and  plants  which  we 
utilize  for  food  is  limited,  and  we  have  a  decided  aversion  against  eat- 
ing dogs,  or  horses,  or  cats.  There  is  certainly  no  objective  reason 
for  such  aversion,  since  a  great  many  people  consider  dogs  and  horses 
as  dainties.  When  we  con.sider  fashions,  the  same  liecomes  still  more 
apparent.  To  appear  in  the  fashions  of  our  forefatheiy  of  two  cen- 
turies ago  would  Ijc  entirely  out  of  the  tiuestion  and  would  expose  one 
to  ridicule.  The  same  is  true  of  talilc  manners.  To  smack  one's  lips 
is  considered  decidedly  Imd  style,  and  may  even  excite  feelings  of  dis- 
gust, while  among  the  Indians,  for  instiince,  it  would  1m'  considered  as 
in  exceedingly  bad  taste  not  to  sniack  one's  lips  when  one  is  invited  to 
dinner,  l»ecanse  it  would  suggest  that  the  gne.xt  does  not  enjoy  his 
dinner.  The  whole  i-ange  of  actions  that  are  eonsidei'ed  as  proper  and 
improper  can  not  be  explained  by  any  logical  reason,  but  are  almost 
all  entirely  due  to  custom;  that  is  to  say.  they  are  purely  traditional. 
This  is  even  tnie  of  customs  which  excite  strong  emotions,  as,  for 
instance,  those  produced  by  infractions  of  modesty. 

While  in  the  logical  processes  of  the  mind  we  find  a  decided  tend- 
ency, with  the  development  of  civilization,  to  eliminate  traditional 
elements,  no  such  marked  detTcase  in  the  force  of  traditional  ele- 
ments can  be  found  in  our  activities.  These  are  almost  as  much  con- 
trolled by  custom  among  ourselves  as  they  are  among  primitive  inau. 
It  is  easily  seen  why  this  should  Iw  the  cn-se.  The  mental  processes 
which  enter  into  tlie  development  of  judgments  are  Imsi'd  lai^ely  upon 
associations  with  previous  judgments.  I  pointed  out  before  that  this 
process  of  association  is  the  same  among  ]»rintitive  men  as  among 
civilized  men,  and  that  the  difference  consists  largely  in  the  modifi- 
cation of  the  traditional  material  with  which  our  new  jrerceptions 
amalgamate.     In  the  case  of  uitivities,  the  conditions  ai'e  somewhat 
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different.  Here  tradition  nntnifestd  it»elf  in  an  action  performed  by 
the  individual.  The  more  frequently  this  action  is  repeated,  the  more 
tirmly  it  will  become  established,  and  the  less  will  be  the  conscious 
equivalent  accompanying  the  action;  so  that  customary  actions  which 
are  of  very  frequent  repetition  bet«me  entirely  uncons<4ous.  Hand 
in  hand  with  this  decrease  of  conwiousness  goes  an  incfcase  in  the 
emotional  value  of  the  omission  of  such  activities,  and  still  more  of 
the  performance  of  actions  eontrarj'  to  custom.  A  greater  will  power 
is  required  to  inhibit  an  action  which  had  become  well  cntablished; 
and  combined  with  this  effort  of  the  will  power  are  feelingw  of  intense 
displeasure. 

This  leads  us  to  the  third  problem,  which  is  closely  associated  with 
the  difference  lietween  the  manifestation  of  the  power  of  civilized  man 
and  of  primitive  man  to  inhibit  impulses.  It  is  the  question  of  cboic« 
as  dependent  upon  value.  It  is  evident  from  the  preceding  remarks 
that,  on  the  whole,  we  value  most  highly  what  conforms  to  our  pre- 
vious actions.  This  does  not  imply  that  it  nmst  he  identical  with  our 
previous  actions,  but  it  must  be  on  the  line  of  development  of  our 
previous  actions.  This  is  particularly  true  of  ethical  concepts.  No 
action  can  tind  the  approval  of  a  people  which  is  fundamentally 
opposed  to  its  customs  and  traditions.  Among  ourselves  it  is  consid- 
ered proper  and  a  matter  of  course  to  ti*eat  the  old  with  respect,  for 
children  to  look  aft«r  the  welfare  of  their  aged  parents;  and  not  to  do 
so  would  be  considered  ba.se  ingnititude.  Among  the  Eskimo  we  find 
an  entirely  different  standard.  It  is  required  of  children  to  kill  their 
parents  when  they  have  become  so  old  as  to  be  helpless  and  no  longer 
of  any  use  to  the  family  or  to  the  community.  It  would  be  considered 
a  breach  of  filial  duty  not  to  kill  the  aged  parent.  Revolting  though 
this  custom  may  seem  to  us,  it  is  founded  on  an  ethical  law  of  the 
Eskimo,  which  rests  on  the  whole  mas.s  of  traditional  lore  and  custom. 

One  of  the  best  examples  of  this  kind  is  found  in  the  relation  between 
individuals  belonging  todifferent  tribes.  There  are  a  number  of  primi- 
tive hordes  to  whom  every  stranger  not  a  member  of  the  horde  is  an 
enemy,  and  where  it  is  right  to  damt^e  the  enemy  to  the  best  of  one's 
power  and  ability,  and  if  possible  to  kill  him.  This  custom  is  founded 
largely  on  the  idea  of  the  solidarity  of  the  horde,  and  of  the  feeling 
that  it  is  the  duty  of  every  memlier  of  the  horde  to  destroy  all  possible 
enemies.  Therefore  every  person  not  a  mcml>er  of  the  horde  must  be 
considered  an  belonging  to  a  class  entirely  distinct  from  the  members 
of  the  horde,  and  is  trented  accordingly.  We  can  ti-ace  the  gradual 
broadening  of  the  feeling  of  fellowship  during  the  advanc^i  of  civiliza- 
tion. The  feeling  of  fellowship  in  the  horde  expands  to  the  feeling  of 
unity  of  the  tribe,  to  a  recognition  of  bonds  established  by  a  neigh- 
borhood of  hubitut,  and  further  on  to  the  feeling  of  fellowship  among 
members  of  nations.     This  seems  to  be^he  limit  of  the  ethical  concept 
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of  fellowship  of  man  wbich  we  have  reached  at  the  present  time. 
When  we  analyze  the  strong  feeling  of  nationality  which  is  m>  potent  at 
the  present  time,  we  recognize  that  it  consinUi  largely  in  the  idea  of  the 
preeminence  of  that  community  whose  member  we  happen  to  be — in 
the  preeminent  value  of  it^  language,  of  its  cuutomu,  and  of  its  tradi- 
tions, and  in  the  belief  t^at  it  is  right  to  preserve  its  peculiarities  and 
to  impose  them  upon  the  rest  of  the  world.  The  feeling  of  nationality 
as  here  expressed,  and  the  feeling  of  solidarity  of  the  horde,  are  of  the 
same  order,  although  modified  by  the  gradual  expansion  of  the  idea  of 
fellowship;  but  the  ethical  point  of  view  which  makes  it  justifiable 
at  the  present  time  to  increase  the  well-being  of  one  nation  at  the  cost 
of  another,  the  tendency  to  value  one's  own  civilization  as  higher  than 
that  of  the  whole  race  of  mankind,  are  the  same  a^  those  which  prompt 
the  actions  of  primitive  man,  who  considers  every  stranger  as  an  enemy, 
and  who  is  not  satisfied  until  the  enemy  is  killed.  It  is  somewhat  dif- 
ficult for  us  to  I'eeognize  that  the  value  which  we  attribute  to  our  own 
civilization  is  due  to  the  fact  that  we  participate  in  this  civilization, 
and  that  it  has  been  controlling  hU  our  actions  since  the  time  of  our 
birth;  but  it  is  certainly  conceivable  that  there  may  be  other  civiliza- 
tions, based  perhaps  on  different  traditions  and  on  a  different  equilib- 
rium of  emotion  and  reason,  which  are  of  no  less  value  than  ours, 
although  it  may  be  impossible  for  us  to  appreciate  theirvalues  without 
having  grown  up  under  their  influence.  The  general  theory  of  valua- 
tion of  human  activities,  as  taught  by  anthropological  research,  teaches 
us  a  higher  tolerance  than  the  one  which  we  now  profess. 

Our  considerations  make  it  probable  that  the  wide  differences  between 
the  manifestations  of  the  human  mind  in  various  stages  of  culture  may 
be  due  almost  entirely  to  the  form  of  individual  experience,  which  is 
determined  by  the  geographical  and  social  environment  of  the  indi- 
vidual. It  would  seem  that,  in  different  races,  the  organization  of  the 
mind  is  on  the  whole  alike,  and  that  the  varieties  of  mind  found  in  dif- 
ferent races  do  not  exceed,  perhaps  not  even  reach,  the  amount  of 
normal  individual  variation  in  each  race.  It  has  been  indicated  that, 
notwithstanding  this  similarity  in  the  form  of  individual  mental  proc- 
esses, the  expression  of  mental  activity  of  a  community  tends  to  show 
a  characteristic  historical  development.  From  a  comparative  study  of 
these  changes  among  the  races  of  man  is  derived  our  theory  of  the 
general  development  of  human  culture.  But  the  development  of  cul- 
ture must  not  be  confounded  with  the  development  of  mind.  Culture 
is  an  expression  of  the  achievements  of  the  mind,  and  shows  the  cumu- 
lative effects  of  the  activities  of  many  minds.  But  it  is  not  an  expres- 
sion of  the  oi^anization  of  the  minds  constitulinjr  the  community, 
which  may  in  no  way  differ  from  the  minds  of  a  community  occupying 
a  much  more  advanced  st^e  of  culture. 
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TRAPS  OF  THE  AMERICAN  INDIANS-A  STUDY  IN 
PSYCHOLOGY  AND  INVENTION. 


By  Otis  T.  Mason. 


That  ttnicornB  may  >)e  betrayed  with  trees. 
And  beara  with  ((iatses,  elepb&ata  with  holes, 
LJODH  with  toils,  and  men  with  flatteries,     •    •     • 

For  I  can  give  his  humor  the  true  bent, 
And  I  will  bring  him  to  the  Capital. 

— Juliia  Canar,  ii,  1. 

MKANTMU  OF  THE  TERM  AMERICAN. 

America,  in  this  connection,  embraces  all  of  the  Western  Hemis- 
phere visited  by  the  native  tribes  in  their  at^tivities  associuted  with 
the  animal  kingdom.  It  might  be  allowed  to  exclude  a  small  number 
of  frozen  or  elevated  or  desert  regions  untrodden  by  human  feet, 
were  it  not  for  the  fact  that  most  of  these  were  the  resorts  of  zoo- 
morphic  gods,  creatures  of  the  aboriginal  imagination.  The  name 
America  must  in  this  «tudy  include  also  those  oceanic  meadows  stretch- 
ing out  from  the  continents,  whereon  were  nourished  innumerable 
creatures,  which  dominated  the  activities  of  the  littoral  tribes. 

DEFINITION   OF   THE  TERM   TRAP. 

A  trap  is  an  invention  for  the  purpose  of  inducing  animals  to  com- 
mit incarceration,  self-arrest,  or  suicide.  In  the  simplest  traps  the 
automatism  is  solely  on  the  part  of  the  animal,  but  in  the  highest 
forms  automatic  action  of  the  most  delicate  sort  is  seen  in  the  traps 
themselves,  involving  the  hainessing  of  some  natural  force,  current, 
weight,  spring,  and  so  on,  to  do  man's  work. 

In  capturing  animals  by  the  simplest  methods  they  are  merely  taken 
with  the  band  as  in  gathering  fruits.  By  a  second  step  they  are  har- 
vested with  devices — scoop  nets,  dippers,  seines,  hooks  that  are  sub- 
stitutes for  the  crooked  finger,  rcatas,  dulls,  bolas,  and  many  more. 
A  third  step  leads  to  active  slaughter  with  clubs  for  bruising,  knives 
and  axes  for  cutting  and  hacking,  and  with  a  thousand  and  one  tmple- 
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tnonts  for  piercing  and  retrieving.  In  these  the  buDteru  are  preaent 
and  a4.^tive,  making  war  on  the  animal. 

In  the  matter  of  automatism  there  is  no  great  gulf  I>etwcen  the 
trapper  and  the  hunter.  At  Iwth  ends  and  in  the  middle  of  the  trap's 
a<;tivity  the  man  may  tw  present,  but  not  to  the  victim.  Not  waiting- 
for  the  victim  to  go  to  its  doom  of  its  own  will,  the  hunter,  having  set 
his  trap,  proceeds  to  entice  and  compel  the  game.  He  has  learned  to 
ifnitate  to  perfection  the  noises  of  birds  and  beasts — it  may  bo  of 
those  he  is  hunting,  of  others  hunted  by  them,  or  their  enemies.  He 
knows  the  smells  that  are  agreeable  and  the  dainty  foods  most  liked. 
On  the  contrary,  he  also  knows  how  to  allay  suspicions  in  one  direc- 
tion, to  arouse  them  in  another — always  with  the  trap  in  his  mind. 

The  action  of  the  trap  itself  is  also  frequently  assisted  by  the  hunter 
out  of  sight.     He  releases  the  pent-up  force  of  gravity,  of  elasticity. 

Finally,  the  result  of  the  trap's  action  is  to  hand  tlie  victim  over  to 
the  hunlcr  to  cairy  away  or  to  kill.  Often  the  trap  does  the  killing 
outright,  and  the  result  is  raw  material  for  the  elaborative  industries; 
but  in  other  cases  the  hunter  must  be  near  by  to  give  the  coup  de 
gi'jtce.  The  instances  are  many  where  the  victim  must  be  dispatched 
at  once,  or  the  trap  will  be  destroyed  and  the  result  lost. 

THE   THAI'  AS  AN   INVENTION. 

As  intimated,  the  trap  tcache'^  the  whole  lesson  of  invention.  At 
first  it  is  something  that  the  animal  unwittingly  treads  on  (Middle 
Low  German,  treppen,  to  tread;  tramp  is  a  kindred  word).  At  last 
it  is  a  combination  of  movement  and  obstruction,  of  i-elease  and  exe- 
cution, which  vies  in  dclicAcy  with  the  most  destructive  weapons. 
Gravity  and  elasticity  are  harnessed  by  ingenious  mechanical  com- 
binations. 

TUE   TKKM    I'SYCIIOLOGY. 

In  this  paper  the  tenn  "  psychology "  stands  for  all  those  mental 
pi-ocosses  that  are  caused  and  developed  bj'  trapping,  Th<!re  is  the 
mental  activity  of  the  animal  and  that  of  the  man.  The  trap  itself  is 
an  invention  in  which  are  embodied  most  careful  studies  in  animal 
mentation  and  habits.  The  hunter  must  know  for  each  speeies  its 
food,  its  likes  and  dislikes.  A  trap  in  this  connection  is  straU^y. 
Inasnnich  an  each  species  of  animals  has  ifc-i  own  idiosyncrasies,  and  as 
the  number  of  species  was  unlimited,  the  ped^ogic  influence  of  this 
class  of  inventions  must  have  been  exalting  to  a  high  degree  for  the 
primitive  tribes. 

The  varieties  of  execution  to  be  done  by  the  trap  were  very  great. 
It  had  to  impound  or  encage,  or  to  seize  by  the  head,  horns,  liml)s, 
gills;  to  maim,  crush,  slash,  brain,  impale,  poison,  and  so  on,  as  though 
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it  had  reason  -the  thoiij^ht  of  the  himtci'  bad  to  be  locked  up  in  ittt 
paiiM  ready  to  spring  at  a  touch.  An  population  increased,  wants 
became  more  varied  and  ariiinalu  Itecaine  more  scarce,  more  intellec- 
tual and  wary.  If  any  reader  of  this  may  himself  have  heen  a  trapper 
he  will  rcmeml)cr  the  scrupulous  care  with  which  ho  proceeded  at 
every  point,  to  make  the  pai'tn  stjible  or  unstable,  to  choose  out  of 
innumerable  pliiccs  one  that  to  a  careful  weighing  of  a  thousand  indi- 
cations seemed  be^t,  to  set  the  trap  in  the  fittest  manner,  and  at  last 
to  covei'  his  traukx  so  that  the  most  wary  creature  would  not  have  the 
slightest  suspicion. 

To  catch  a  fox  it  was  necessary  to  win  its  confidence,  and  this  the 
savage  knew.  So  he  prejmred  a  tnip  that  was  perfectlj'  harmless,  and 
let  lieynanl  walk  alx>ut  over  the  ashes  or  fresh  earth  or  chaff,  picking 
up  dainty  bits  until  all  suspicion  was  removed.  Then  was  the  time 
to  conceal  the  trap.  But  all  vestiges  of  human  hand  or  foot  must 
be  removed,  and  the  apimrutiis  iimst  be  cleaned  and  smoked  most 
effectually. 

I'AKTS    OF   TRAl'H. 

The  trap  has  two  classes  of  parts,  the  working  part  and  the  mechan- 
ical, manual,  animal  [wrt.     The  victim  finds  itself  in  a  pound,  deadfall. 


cage,  hole.  Iw.x,  toil,  noose,  or  jaw;  on  hook,  gorge,  pale,  or  knife, 
and  HO  on.     This  dangerous  element,  Uy  repent,  may  not  need  any 
accessories.     The  fish  swims  into  a  fyke,  the  animal  walks  into  a  pit  or   ■ 
pound,  the  bird  or  climbing  animal  finds  itself  in  a  cage  with  ratcheted 
entrance  to  prevent  egress;  that  is  nil. 

In  a  higher  stage  of  invention,  where  the  forces  of  gravity  and 
elasticity  arc  invoked  to  do  the  incarcemtion,  arrest,  or  execution. 
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there  has  to  be  found  between  the  lure  and  the  execution  a  host  of 
devices,  and  these  form  an  ascending  series  of  complexitiee.  The 
simplest  of  these  intermediary  inventions  is  an  unstable  prop  or  sup- 
port of  some  kind;  the  slightest  pull  at  a  bait  removes  the  ticklish 
thing,  and  weight  or  noose,  or  other  deadly  part,  is  set  free.  The 
trigger  and  the  catch  are  more  complicated  and  varied;  the  secret  of 
them  all,  however,  is  that  an  unstable  catch  is  released  by  the  animal 
in  passing,  in  prying  curiosity,  in  gnawing,  or  in  rubbing;  this  is  cod- 
nected  by  means  of  sticks  and  stcings  to  the  last  release,  since  the 
operation  of  releasing  is  in  connection  with  the  device  in  which  the 
force  is  confined  and  by  which  the  work  is  to  be  done.  In  the  highest 
forms  of  weight  traps  and  spring  traps  thera  are  veritable  machines, 
since  they  change  the  direction  and  effect  of  motion.  It  is  on  these 
that  most  ingenuity  has  been  expended,  and  in  them  is  exhibited  that 
wonderful  threefold  play  of  working  force,  work  to  be  dqne,  and  proc- 
esses of  reaching  the  end.  Variations  in  the  materials  utilized  will 
play  no  mean  part,  also,  in  a  continent  covering  all  zoneu  save  the  ant- 
arctic, all  elevations  at  which  man  can  live,  and  all  varieties  of  vegebil 
phenomena  growing  out  of  temperature  and  rainfall.  To  proceed  with 
some  order  it  will  be  necessary  to  divide  the  Western  Hemisphere  into 
convenient  culture  areas.  The  following  will  serve  for  a  provisional 
list: 

Amn-ican  culttire  areag. 
AresB,  People*. 

1.  Arctic Eekimo. 

2.  Canadiiui Athapascan. 

3.  Atlantic  slope Ali^nquian-Iroquoia. 

4.  Mieeiasippi  Valley Siouan. 

5.  Louisiana  or  Gulf Muakhc^ean. 

a.  Southeastern  Alaska Haida-Koluschan. 

7.  Columbian  region Salish-Chinookan. 

6.  Interior  basin Shoshouean. 

9.  California  r^ion Very  mixed  etocks. 

10.  Pueblo  region Tanoan-Tewan  and  Sonoran. 

11.  Middle  American .Nahua-Mayan. 

12.  Cordilleran  re^un Chtbcha-Kechuan. 

13.  A ntjilean  region Aiawak-C^aribbean. 

14.  rp|>er  Amazonian Jivaro,  Pelia,  Puno,  etc. 

15.  Eastern  Brazilian  region Tupi-Guarani,  Tapuya. 

Ifi.  Mate  Grotwo  and  southward Mixed  people  of  Brazilian  and  Andean  typee. 

17.  Argentina-Patagonian  region Ohaco,  Pampean,  and  Patagonian  stocks. 

18.  Fue^an  region Aliculuf,  Ona,  and  Yahgan. 

The  inquiry  will  not  be  raised  here  whether  the  traps  not  made  of 
metal  and  found  in  the  hands  of  the  American  savages  are  entirely 
aboriginal,  or  whether  there  has  been  acculturation.  A  good  knowl- 
edge of  the  traps  as  they  exist  or  existed  will  go  far  toward  settling 
the  question  of  origin. 
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CLASSIFICATION   OF   TRAPS. 

Traps  are  variously  classified  acrcoi-ding  to  the  concept  in  the  student's 
mind.  If  it  be  the  natural  elotucnt  in  which  they  work,  there  will  lie 
land  traps  for  mammals,  birds,  reptiles,  and  invertebratew;  water  traps 
for  matiimals,  birdrt,  reptiles,  tishes,  and  invertebrates;  and  air  traps 
for  birds  and  iiiMects. 

With  reference  to  their  parts,  either  mechanical  or  efficient,  there 
are  a  multitude  of  names  which  will  appeal*  in  a  separate  vocabulary. 
Id  the  setting  they  are  man  set,  self -set,  ever-set,  and  victim-set. 

For  the  purpose  of  this  paper  traps  may  be  divided  into  three  groups, 
namely:  (A)  Inclosing,  (B)  arresting,  (C)  killing.  In  each  of  these  we 
may  begin  with  the  simpler  forms — those  with  the  least  mechanism — 
and  end  with  those  that  are  more  intricate. 

A. — Incloting  Irapg. 

(a)  Pen — liaut,  pound,  fyke. 

(b)  Cage — coop,  pocket,  cone,  fish  trap. 

(c)  Pit-pitfalle. 

{d)  Door— with  trigRer,  fall  cage,  or  (all  door. 

B.—Arre»ting  irnjit. 
(«)  Mesh — gill,  toils,  ratchet. 
{/)  Set  hook — set  line,  gorge,  tmwl. 
[g)  Nooee — anare,  Hpringe,  (all  snare,  trawl  snare, 
(ft)   Clutch — bird  lime,  mechanical  jawe, 

C. — KUlini}  Irapt. 
(t)  Weight^(all,  dead  fall. 
{t)  Point — impaling,  stomach,  mieeile. 
(I)  Edge — wolf  knife,  braining  knife. 


Inclosing  traps  arc  those  which  imprison  the  victim,  raost  of  them 
without  doing  any  further  bodily  harm,  though  there  may  be  added 
to  these  some  other  devices  which  will  injure  or  kill.  There  are  four 
kinds  of  inclosing  traps:  (a)  Pen  traps,  (J)  c^^  traps,  {c)  pit  traps,  (d) 
door  traps. 

(a)  Pen  irajM,  —These  include  pounds  or  corrals  on  land,  and  dams, 
fish  pens,  and  fykes  in  the  water,  the  idea  being  simply  to  inclose.  Traps 
of  this  sort  have  no  tops  and  thei-efore  are  not  useful  for  birds.  In 
connection  with  other  forms,  small  inclosures  are  used  to  surround  the 
bait  and  to  guide  the  victim  in  a  certain  direction.  How  the  animal 
gets  in,  how  it  is  kept  in,  and  what  is  done  to  it  afterwards  will  decide 
whether  the  pound  is  a  trap  or  a  corral  or  whether  it  is  a  reservoir,  an 
abattoir,  or  a  domesticating  device.  The  simplest  fonn  of  pound  is  of 
brush  or  reeds,  and  confines  whatever  entei"s,  large  or  small;  hut  the 
perfect  fonn  has  interstices  carefully  adapted  to  retain  certain  species 
8M  1901 30 
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and  to  allow  others  to  escape,  or  holda  the  adult  individual  in  and  leU 
the  small  and  young  out.  The  savage  tribes,  further,  could  make  mov- 
able walls  of  reeda  and  long  nets.  Indeed,  the  great  impounding  nets 
are  the  last  word  in  the  aeriej^.  Add  to  the  pound  an  entrance  and 
there  begins  anotht^r  set  of  inventions  around  the  notion  of  shutting. 
A  gateway  may  I>e  closed  by  nature  or  by  device.  The  tide  falls  and 
leaves  aquatic  creatures  imprisoned.  Aninials  get  under  some  obsta- 
cle and  can  not  surmount  it.  They  i^rral  thcmselvcH.  A  gateway 
may  be  guarded  by  sentinels  also,  but  gates  uiay  be  intentionally  shut 
or  a  pound-shaped  baiTicr  be  set  up,  so  that  the  return  of  those  which 
pasij  in  is  impossil>Ie.     Most  pounds,  whether  in  water  or  on  land,  have 
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some  natural  or  iirtiticiiil  lane  for  conducting  the  game  to  the  gate- 
way. On  either  side  may  l)c  precipices,  trees  with  ropes  or  wattles 
between  wing  nets,  or  something  of  the  kind,  along  which  animals 
pursue  their  natural  course  and  are  lured  or  driven  to  the  pen  (fig.  2). 
(J)  Coffe  iriip«.— In  this  class  must  be  grouped  all  forms  of  coops  and 
stivsng  house  traps  on  land,  and  a  great  variety  of  cones,  jxtckets, 
and  fish  traps  in  the  waters.  ^Vll  of  these  are  dcsigtied  for  climbing, 
flying,  or  swimming  creatures.  The  cage  or  coop  ti"ap,  completely 
inclosed  on  evcrj'  side,  is  a  step  in  advance  of  an  open  pen,  whether 
on  land  or  in  the  water.  The  majority  of  cage  tnijw  have  funnel- 
shaped  ontranees^  into  which  the  animal  passes  easily  and  unrestrained, 
but  exit  is  prevented  by  means  of  a  pointed  strip  of  wood  or  other 
aubstance  acting  as  a  ratchet;  or  in  the  case  of  nets,  tlic  small  end  of 
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the  funnel  tMimisUi  of  a  series  of  string  gates  wbich  the  aninial  puuMCu, 
And  these  clowe  the  mouth  of  the  net  so  m  to  prevent  cscapu  (fig.  3). 

Among  the  Eskimo  a  unique  contrivance  for  cat^jhing  foxes  was  a 
net  which  was  made  to  be  set  around  a  burrow,  in  the  corners  of  which 
were  long  pocketa,  opening  wide  into  the  net,  hut  gradually  contract- 
ing until  the  fox  could  go  no  farther.  Endeavoring  to  turn  back,  it 
became  hopelessly  entangled  and  died  of  fright  and  cold. 

(c)  y'i^*.  -The  digging  of  pits  was  not  comiuon  in  America  Irefore 
the  discovery,  owing  to  the  lack  of  metallic  excavating  tooU.  Pits 
I»rtially  dug  out  and  partially  built  up  were  seen  heiT  and  theri-  as  a 
blind  for  the  hunter,  who  concealed  himself 

therein.  Boa;;,  quoting  Lyon,  de«;ril>e8  an 
Eskimo  fox  trap  in  the  snow  into  wbich  the 
animal  jumped  and  was  unable  to  extricate 
itself. 

The  central  Eskimo,  according  to  the  same 
authority,  dig  a  wolf  trap  in  the  snow  and 
cover  it  with  a  slab  of  snow  on  wbich  the 
bait  is  laid.  The  wolf  breaks  through  the. 
roof,  and  as  the  bottom  of  the  pit  is  too 
narrow  to  afford  hun  jumping  room,  he  is 
caught. 

The  Crec,  in  the  Saskatchewan  country, 
place  at  the  end  of  their  deer  drives  a  log  of 
wood,  and  on  the  inner  side  make  an  excava- 
tion sufficiently  deep  to  prevent  the  animal 
from  leapinj^  back. 

Pitfalls  are  said  to  have  been  used  by  the 
Indians  of  Massachusetts.  They  are  de- 
scribed as  oval  in  shape,  3  rods  long  and  15 
feet  deep,  fh.,3    Pi-iuruii. 

The  Concow  Indians  of  California  are  said 
to  catch  grasflhoppers  for  food  by  driving  them  into  pit^^.  The  Acho- 
mawi,  or  Pit  River  Indians,  dug  deer  pitfalls  10  or  12  feet  deep  by 
means  of  sticks,  and  carried  the  earth  away  in  baskets.  In  southern 
Brazil,  abo,  wild  beasts  were  caught  in  pits  dug  for  that  purpo.se  and 
covered  with  leaves. 

(d)  Poor  trajm. — The  last  form  of  inclosing  trap  to  he  mentioned 
here  is  also  the  most  mechanical;  it  includes  those  in  which  a  door 
falls  and  incloses  the  animal,  or  in  which  a  cage,  one  side  of  which  is 
held  up  by  an  unstable  prop,  falls  and  incloses  the  victim. 

Parry  describes  a  small  house  trap,  made  of  ice  and  used  by  the 
ELskimo  for  foxes,  at  one  end  of  which  was  a  door  mode  of  the  same 
material,  to  slide  up  and  down  in  a  groove.  This  door  was  sustuined 
by  a  line  which  passed  over  the  roof  and  was  caught  inside  on  a  hook 
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of  ico  by  iiicanM  of  a  Ickwc  grommet  to  which  the  bait  was  fastened. 
The  fox,  pulling  at  the  bait,  released  the  door  of  ice  and  found  itself 
in  prison. 

Crantz  (lesfrilwa  a  hou«c  trap  used  by  the  (Jreenlanders  in  which  a 
broad  xtone  forms  the  movable  dooi*.  I  have  seen  a  trap  of  similar 
niechani»m  uacd  by  folks  in  eastern  United  State's,  in  which  a  cage  or 
basket  is  propped  up  with  a  loop  of  splint;  this,  pulled  inside  by  the 
animal  tugging  at  the  bait,  brings  down  the  cage  over  the  victim. 
Doubtless  this  fonn  of  imprisoning  animals  designed  to  be  taken  alive 
was  quite  well  spread  over  the  continent. 


The  arrettting  traps  are  designed  to  seize  the  victim. 

(c)  Mesh  7n:t9. — The  mesh  net  is  based  on  the  fa<;t  that  animals,  by 
the  conformation  of  their  bodies  or  by  the  set  of  the  hair,  feathers,  or 
gills,  may  rachet  themselves.  To  this  claas  lielong  "toils"  for  land 
animals,  trammels  and  gill  nets  for  aquatic  animals. 

Among  the  archieologic  treasures  of  our  National  Muscimi  are 
many  net  sinkers,  which  would  lead  to  the  conclusion  that  netting  w 
an  old  art  among  the  aborigines.  The  majority  of  netting  devices  are 
for  aquatic  animals,  but  tribes  on  the  coast  of  British  Columbia  sus- 
pend nets  between  poles  in  order  to  capture  migratory  geese  and  ducks. 
The  {^kimo  make  nets  of  sinew,  of  rawhide,  and  of  Imleen;  these  are 
set  across  the  rivers  in  open  water,  but  more  ingeniously  under  the 
ice  by  means  of  holes  cut  at  such  distances  apart  as  to  enable  the  fish- 
ermen to  draw  the  net  out  and  in. 

A  device  somewhat  in  the  nature  of  this  is  used  by  the  Eskimo  of 
Point  Barrow  for  catching  seals;  four  holes  are  drilled  through  the 
ice  about  a  breathing  hole;  from  these  a  net  is  set  under  the  breathing 
hole,  the  lines  being  worked  through  the  four  corners  of  the  space; 
the  net  is  hung  under  the  ice,  and  the  seal  coming  to  breathe  is  entan- 
gled therein. 

Gill  nets  are  set  for  seal  after  the  ice  forms  along  the  shore.  Mur- 
doch reports  that  smaller  seals  are  ciiptured  also  in  meshing  nets  of 
rawhide  set  along  the  shore  in  shallow  water;  he  thinks  that  the  mesh- 
ing nebj  in  northern  Alaska  c-ame  from  Siberia. 

Elliott  illustrates  Eskimo  women  catching  salmon  in  a  gill  net  con- 
sisting of  a  pole  and  a  triangular  net  attached.  The  pole  rests  on  a 
stone  at  the  water  line,  while  the  net  sinks  in  the  water:  as  soon  as  a  fish 
strikes,  the  women  lift  the  pole,  extricate  the  fish,  and  reset  the  net. 

Mesh  fishing  i.i  also  quite  common  among  the  .Athapascan  tribes, 
both  on  the  Yukon  and  on  the  Mackenzie.  Charlevoix  .states  that  in 
St.  Francis  River,  Canada,  the  Indians  made  holes  in  the  ice.  through 
which  they  let  nets  five  or  six  fathoms  long;  he  also  descrilies  the 
taking  of  beaver  by  means  of  nets. 
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(_/)  Set  /looks. — Thette  may  t)G  employed  on  land  or  in  the  water. 
A  toggle  ur  gorge  may  be  ho  l>attod  or  placed  that  a  duck  or  a  goose, 
by  diving  and  swallowing  it,  may  be  held  under  the  water  and 
drowned.  A  single  book  may  be  aet  for  vermin,  or  baited  and  left  in 
the  wat«r,  especially  for  large  fitth;  for  the  smaller  fish,  the  trawl  or 
trot  line  holding  several  hooks  may  be  stretched  across  a  body  of 
watei',  and  thus  the  game  may  be  secured  in  the  absence  of  the 
fisherman. 

In  one  sense,  many  hooks  used  in  taking  birds  and  fishes  are  traps. 
They  are  baited  and  oast  into  the  water  or  placed  in  such  position  on 
land  that  the  hunter  is  out  of  sight.  A  line  is  attached  to  hooks  of 
this  kind,  one  end  of  which  may  be  held  in  the  hands  of  the  hunter  or 
tied  to  a  biioy  or  other  signal  device. 

It  is  interesting  to  note  that  fishhooks  are  not  found  in  many 
American  areas— large  regions  are  entirely  devoid  of  them,  and  in 
ancient  mounds  and  works  such  relics  are  wanting.  No  picture  of  a 
fishhook  is  seen  in  any  Mexican  or  Maya  codex,  and  Von  den  Steinen 
notes  the  entire  absence  of  hsbhooks  from  targe  places  on  the  affluents 
of  the  Amazon.  The  simplei^t  form  of  this  class  of  devices  was  seen 
by  Lumholtz  among  the  TarahumarJ  in  northern  Mexico;  they  catch 
blackbirds  by  tying  corn  on  a  snare  of  pita  filwr  hidden  under  the 
ground;  the  bird  swallows  the  kernel,  which  becomes  tolled  in  its 
oesophagus,  and  i-an  not  eject  it. 

In  the  oi'der  of  complexity — a  removal  from  the  mere  action  of 
hand  hooks  for  capture — hook  traps  may  be  divided  into  the  following 
classes;  The  seed  on  a  string;  the  gorge;  hook  at  the  end  of  a  string, 
squid  hook;  l>aited  hooks;  compound  hooks;  barbed  bookf ;  and  auto- 
matic hooks. 

(ff)  Noose. — This  is  a  most  interesting  class  of  traps.  A  string  or 
thong  or  rope,  or  a  bit  of  whalebone  and  sinew,  may  have  one  end 
looped  around  itself  so  as  to  slip  with  perfect  ease;  the  other  end  will 
be  fastened  to  some  object.  This  noose  may  be  ho  placed  that  the 
animal  will  run  its  head  or  its  foot  into  it  and  lie  caught;  or  it  may  be 
attached  to  s  bent  sapling  or  some  form  of  springe  which  is  hold  down 
by  a  device,  to  be  liberated  by  the  animal  coming  to  seize  the  bait  or 
lure.  In  order  to  prevent  the  animal  fi-om  gnawing  the  snare,  per- 
forated sticks  may  be  suspended  just  over  the  knot,  thus  making  a 
very  complicated  device.  The  noose  may  be  used  in  the  air  for  birds 
on  the  wing,  on  the  land  in  many  ways,  and  sparingly  in  the  water. 

Boas  says  that  among  the  central  Eskimo  waterfowl  of  all  de.'^crip- 
tions  are  (^ught  in  abundance  in  whalebone  nooses  fastened  to  a  long 
whalebone  line  or  to  a  tliong.  Hares,  ermines,  and  lenmiings  are  also 
taken  in  whalebone  snares.  E.  W.  Nelson  describes  a  noose  forcatoh- 
ing  Parry's  marmot,  which  involves  a  form  of  release  mentioned  also 
as  used  among  the  Iroquois.     The  victim  enters  the  leadway  as  usual, 
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and  instead  of  pullinpf  at  tho  bait  to  release  the  spring,  it  gnawa  in  two 
a  string  which  holds  the  snare  down  and  wbirh  has  somethinfr  on  it 
appetizing  to  tho  animal.  In  the  Iroquois  rabbit  trap  the  string  is 
steeped  in  salt  {fig.  1). 

The  simplest  nooses  at  Point  Barrow  are  made  of  baleen  and  set 
around  whcrp  fine  gravel  has  been  placed  to  attrai^t  the  birds.  Ac- 
count.'<  are  also  given  of  nooses  of  whalel>onc  set  in  water  along  the 
shores  where  ducks  dive  for  their  favorite  plants,  and  whieh  catch 
the  birds  by  the  neck.  This  reminds  one  of  the  use  of  the  mesh 
net  for  the  same  purpose  in  California.  From  Nelson  and  other 
observers  among  the  Eskimo,  and  from  the  examination  of  collections 
in  the  museums,  it  is  learned  that  the  methods  and  places  of  setting  a 
noose  are  limited  only  by  the  habibs  of  the  different  animals. 

In  the  Mackenzie  River  countr}',  and  wherever  the  Hudson  Bay 
Company's  people  have  prosecuted  their  work,  the  snare  and  the  spring 
are  very  commonly  employed.  Even  reindeerand  mooseare  strangled 
by  means  of  snares  set  in  their  way.  Father  Morice  figures  in  the 
Transactions  of  the  Canadian  Institute,  ISJU.  a  great  variety  of  appli- 
cations of  the  noose. 

In  Wood's  New  England  Canaan  we  have  the  quaintest  description 
of  a  New  England  trap: 

"The  Salvages  take  these  in  trappes  made  of  their  naturall  Hempe 
which  they  place  in  the  eartbe  whei'e  they  fell  a  tree  for  browso  and 
when  he  roundes  the  tree  for  the  browse  if  bee  tread  on  the  trap 
he  is  horsed  up  by  the  legg  by  means  of  a  pole  that  starts  up  and 
catehetb  him,'  " 

The  gentleman  of  Elvas ''  gives  the  following  description  of  the  trap 
among  the  Autiamgue  tribes: 

"  With  gnmt  springes  which  lifted  up  their  feet  from  the  ground; 
and  the  snare  was  made  with  a  strong  string,  whereunto  was  nu^tened 
a  knot  of  a  cano,  which  ran  close  alwut  the  neck  of  the  eonie,  because 
they  should  not  gnaw  the  string." 

Teit,  in  his  account  of  the  Thompson  River  tribe,'  describes  deer 
fences  and  springes  used  in  catching  large  and  small  animals.  Airs. 
Allison  describ*'s  snares  for  cnt<-faing  deer  and  birds  in  the  same 
region.  This  custom  prevails  also  in  California  among  many  tribes 
descril»ed  by  Frost  and  Powers.  Zuni  Iwys  catch  blat^'kbirds  with 
snares  made  of  horsehair  fn-stened  to  a  rope;  these  snaivs  are  laid  on 
the  gnmnd  and  seeds  placed  lietween.  When  the  birds  alight  they 
put  their  feet  into  the  snare  and  are  drawn  up  and  captured.  The 
older  Zunis  drive  sunflower  stalks  into  the  ground  and  fasten  a  noose 
on  the  top.     When  a  hawk,  watching  for  field  mice,  alights  on  the 

•New  England  Proepepl,  Print-i;  Society;  Boston,  IStB.  p.  202. 
'"Ilaklnyt,  Voyages,  Vol.  Ill,  p.  114. 

''Memoirs  of  the  .Anierii'aii  Mnneiim  <if  .Vatnral  llltrtory,  Antlini|>oloKy,  Vol.  II, 
pp.  247-249,  figa.  228,  329. 
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stalks,  its  feet  are  ensnared;  being  unable  to  rise,  the  hawk  remains 
stupidly  on  its  perch  and  allows  itself  to  be  captured. 

The  TarahuQiai'i  of  Chihuahua  are  very  ingenious  in  trapping  rats, 
gophers,  and  deer.  The  ancient  inhabitants  of  Oopan  caught  quetzal 
bii-ds  in  snares,  and  having  plucked  their  beautiful  feathers,  set  them 
at  liberty  again.  In  southern  Brazil  birds  were  snared  by  the  feet, 
by  the  neck,  and  by  the  body.  The  Fuegians  also  use  baleen  nooses, 
which  are  set  hidden  in  tbegi-asis  for  the  purpose  of  catching  partridges 
and  other  birds. 

(A)  Clutchitig  devicen  are  best  exemplified  by  bii-d  lime.  The  ordi- 
nary jaw  tmp  of  the  hunters  may  be  placed  in  this  class;  the  common 
steel  rat  trap  ia  a  good  example.  It  is  possible  that  spring  net-*  may 
have  been  used  in  certain  parts  of  America  before  the  discovery,  but 
the  principle  involved  in  the  metallic  clutching  traps  wmt  not  known. 


The  principle's  involved  in  killing  traps  are  thosn  mentioned  under 
"hunting,"  as  crushing,  piercing,  and  cutting. 

{/)  We'ujht  ^jYy?.— The  simplest  form  of  killing  trap  is  the  dead  fall, 
in  which  a  heavy  weight  drops  suddenly  upon  the  animal,  destroying 
its  life.  The  most  interesting  parts  of  tho  dead  fall  are  the  inventions 
for  securing  an  unstable  support  of  the  weight  and  for  releasing  this 
support  by  means  of  the  trigger  or  bait  contrivance.  There  are  few 
separate  acce-ssory  appliantrcs  to  the  dead  fall,  since  the  animal  is  slain 
outright. 

The  fall  trap  was  found  in  several  of  the  areas  mentioned.  Essen- 
tially, in  its  least  complex  form,  it  consists  of  five  partii:  A  heavy  weight 
to  crush  the  animal,  a  fixed  support  (perhaps  a  stake  in  the  ground), 
an  unstable  support  on  which  the  weight  rests,  a  cat«^h  which  prevents 
the  weight  from  falling  until  the  bait  is  nibbled  or  the  string  pulled, 
and,  lastly,  the  trigger  itself.  The  Central  and  Western  Eskimo  form 
of  dead  fall  has  a  slab  of  ice  as  a  crushing  weight.  The  Hud.son  Bay 
Company's  native  trappei's  have  a  great  variety  of  this  jjarticuhir 
type. 

Maximilian  figures  a  dead  fall  used  for  bears  in  Pennsylvania.  The 
animal  walks  between  two  logs.  Above  ai'c  two  logs  fastened  firmly 
together.  These  are  held  up  by  a  (^i-osslBir  supported  Iwtwecn  two 
sticks.  A  lever  attached  to  the  log  passes  over  the  crossbar  and  is 
held  down  at  either  end  in  u  rah'het,  where  there  is  a  bait.  The  bear 
crouches  between  the  logs,  pulls  the  trigger,  and  releases  the  lever, 
which  flies  up  and  lets  the  ring  that  supports  the  fall  slip  otf ;  then 
comes  the  tragedy. 

Similar  traps  are  noted  in  British  Columbia  and  throughout  the 
southwestern  country,  but  not  in  middle  America  or  in  South  America. 
The  Hopi  of  Arizona,  according  to  \>t.  Hough,  have  two  very  primi- 
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tive  forms  of  dead  fall;  one,  for  foxea,  consists  of  a  heavy  stone  slab 
worked  between  two  upright  slabs  for  wings.  One  end  of  the  prop 
rests  above  RgaioHt  the  stone;  the  other  end  rests  on  a  cobblestone 
beneath.  The  least  touch  of  the  prop  rocks  the  cob- 
blestone and  let«  the  weight  down  upon  the  fox.  In 
another  form,  used  for  taking  birdri,  the  l>ox  and  the 
fall,  or  stone  slab,  are  similar.  The  release  consists  of 
the  following  parts:  First,  the  upright  and  the  notched 
catch,  precisely  as  in  the  figui-e-4  ti-aps.  To  the  bottom 
of  the  notched  catch  a  short  string  is  tied,  having  at 
the  other  end  a  small  wooden  to^le,  which  is  held  by 
a  little  rod  resting  against  it  and  caught  at  its  other 
extremity  in  the  grains  of  the  .sandstone  slab.  The 
least  touch  overcomes  the  friction  between  the  tri^er 
and  the  slab.  This  sets  free  the  toggle,  which  unwinds 
from  the  post,  the  hook  catch  flies  up,  and  the  weight 
falls. 

(k)  Point  traps  of  the  highest  oi-der  were  not  com- 
mon in  America;  that  is,  the  use  of  arbalest  or  iww  for 
A  the  purpose  of  driving  an  arrow  or  bolt  into  the  victim 
or  for  impaling,  or  the  use  of  sharpened  sticks  in  the 
pathway  of  land  animals;  but  the  throwing  in  the  way 
of  carnivorous  animals  of  sharpened  whalebone  splin- 
ters wrapped  in  fat  was  pi"acticed. 

Bancroft  mentions  a  bear  trap,  used  by  the  Aleuts, 
Fio  4— oame  spiis.  Consisting  of  a  board  2  feet  square  and  2  inches  thick, 
furnished  with  barbed  spikes,  which  was  placed  in 
Bruin's  path  and  covered  with  dust.  The  unsuspecting  stepped  upon 
the  smooth  surface,  when  his  foot  sank  and  was  pierced  by  one  of  the 
barbed  hooks.     Maddened  with  pain,  he  put  forth  another  foot  to 


assist  in  pulling  the  first  away,  when  that,  too,  was  caught.  When  all 
four  of  the  feet  were  spiked  to  the  board  the  beast  fell  over  on  its 
back  and  its  career  was  s«K)n  ended  by  the  hunter. 
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The  wolf  bait,  made  of  a  piece  of  whalebone  Hbarpeoed  at  both  ends 
and  doubled  up,  ha»  been  mentioned  by  Boajj,  and  examples  of  the 
same  device  were  brought  to  the  National  Muaeum  by  Nelson  from 
St.  Michael,  Alaska  (fig.  4). 

Lumholtz  says  that  the  Tarahumari  catch  deer  by  putting  sharpened 
sticks  in  the  track  and  stampeding  the  animals  with  dogs. 

(/)  Edgn  trapH. — There  were  in  America  two  forma  of  knife  or  cut- 
ting traps  of  the  most  ingenious  character.  One  may  be  called  the 
wolf  knife.  A  sharpened  blade  was  inclosed  in  a  frozen  mass  of  fat 
and  stuck  up  in  a  block  of  ice.  The  wolf,  licking  the  fat,  cut  its 
tongue.  The  taste  of  the  blood  infuriated  the  animal,  so  that  by  lick- 
ing the  knife  more  it  caused  a  larger  flow  of  blood.  All  the  other 
members  of  the  pack  were  attracted  to  the  same  spot,  devouring  one 
anothei'  for  the  sake  of  the  blood,  till  all  were  destroyed. 

Another  form  of  edge  trap  is  found  in  Alaska,  where  the  blades  are 
attached  to  one  end  of  a  lever,  the  other  end  of  which  is  inclosed  in  a 
torsion  spring  of  rawhide.  The  animal  stops  to  pick  the  bait,  pulls 
the  tri^er,  and  releases  the  unstable  hook  catch;  the  knives  fly  over 
and  the  victim  is  brained  (tig.  5). 
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THE  ABBOTT  COLLECTION  FROM  THE  ANDAMAN 
ISLANDS. 


By  Lieut.  W.  E.  Safpord,  U.  S.  N. 


The  Andaman  Arehipel^o  is  a  small  group  of  densely  wooded 
islands  about  1,760  (square  miles  in  area,  situated  in  the  Bay  of  Bengal 
near  the  meridian  of  93''  east  longitude  and  Vietween  the  tenth  and 
fifteenth  parallels  of  north  latitude.  The  group  lies  about  180  miles 
80utbwe»t  of  Cape  Negrais,  Burma,  and  is  Keparat«d  from  the  Nicobar 
Islands,  lying  to  the  southward,  by  a  channel  60  miles  wide. 

Great  Andaman,  the  largest  and  most  important  member  of  the 
group,  is  about  140  miles  long.  Though  apparently  a  single  island, 
it  is  divided  by  narrow  channels,  or  creeks,  into  several  parts,  the 
principal  of  which  are  known  as  North  Andaman,  Middle  Andaman, 
and  South  Andaman.  A  short  distance  to  the  eastward  of  South 
Andaman  lies  a  group  of  i.slands  known  as  the  "Archipelago;"  to  the 
southward,  separated  from  South  Andaman  by  MacPherson  Strait,  is 
Rutland  Island;  and  south  of  this  are  Oinqne  Islands. 

Nar<-ondam  and  Barren  Islands  are  outlying  volcanic  islets,  the 
latter  situated  about  45  sea  miles  oast  of  the  northern  part  of  the 
"  Archipelago,"  and  between  Oreat  Andaman  and  the  Nicobar  group 
lies  Little  Andaman. 

Dr.  W,  L,  Abbott,  accompanied  by  Mr.  C  Boden  Kloss,  visited 
the  Andamans  in  January,  1901,  collecting  objects  of  ethnological 
interest,  together  with  specimens  of  mammals,  birds,  and  reptiles. 
He  first  touched  at  Barren  Island,  which  he  found  overnm  with 
goats,  descendants  of  animals  left  there  by  the  English  officials  of 
Port  Blair.  Forests  have  spread  over  the  outer  slopes  of  the  volcano, 
which  forms  the  island,  and  the  slopes  of  the  crater  are  partially 
covered  with  jungle.  The  cone  in  its  interior  and  the  lava  streams  on 
the  fioor  are  still  devoid  of  vegetation.  The  island  is  uninhabited. 
After  collecting  specimens  of  rodents  and  of  birds  on  Barren  Island 
he  proceeded  to  the  "Archipelago,"  dropping  anchor  in  Kwantung 
Straits  near  Henry  Lawrence  Island. 

At  Port  Blai  r,  on  South  Andaman,  where  the  English  have  a  convict 
settlement,  and  u  "  refuge  house  "  for  the  benefit  of  shipwrecked  sailors, 
he  saw  the  native  Andamanese  for  the  fii-st  time.     In  a  letter  aocom- 
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panying  his  notes  on  the  collections  nmde  by  him.  Dr.  Abbott  says  that 
a  small  trilw  of  hostile  Andamane^c  wanders  about  South  Andaniaa, 
and  another  one  inhabits  the  south  end  of  Rutland  Island. 

From  Port  Blair  Dr.  Abbott  went  to  MacPherson  Strait,  dropping 
anchor  between  South  Andaman  and  Rutland  Island.  Here  he  set  his 
traps  and  caught  a  Panuhntrm,  or  "musang,"  an  animal  belonging 
to  the  civet-cat  family,  the  bones  of  which  the  natives  frequently  make 
into  necklaces.  Dr.  Abbott  was  struck  by  the  absence  of  squirrels, 
which  on  the  neighboring  coasts  of  the  continent  and  on  many  islands 
adjacent  to  it  are  abundant.  The  next  stopple  was  at  North  Cinque 
Island,  whence  he  went  to  Little  Andaman,  anchoring  off  the  mouth 
of  BurailaCreek,  at  the  northei'n  extremity.  The  natives  were  friendly, 
but  brought  off  to  the  .■^hip  with  them  "quantities  of  a  beastly  little  fly 
that  made  life  well-nigb  unendurable."  The  commissioner  at  Point 
Blair  had  warned  Dr.  Abbott  not  to  touch  at  Little  Andaman  except  at 
Bumila  Creek,  as  the  natives  elsewhere  are  more  or  less  hostile,  "and 
the  first  warning  of  a  hostile  Andamanese  is  an  arrow  whizzing  past 
you  or  sticking  in  your  body,  while  it  is  utterly  impossible  to  see  the 
little  black  men  in  the  dark  forest." 

Dr.  Abbott's  collection  of  ethnological  material  includes  a  number 
of  interesting  specimens  from  South  Andaman  Island,  illustrating  the 
arts  and  customs  of  the  Bo-jig-ngi-ii  tribe.  He  calls  attention  to  the 
decided  difference  between  these  articles  and  those  collected  by  him  at 
Rutland  Lnland,  only  15  miles  south  of  Port  Blair.  Mr.  E.  H.  Man, 
who  has  written  many  interesting  papers  on  the  Andamanese  in  the 
Journal  of  the  Anthropological  Institute,  had  retired  from  the  Gov- 
ernment service  shortly  before  Dr.  Abbott's  visit.  At  that  time  the 
station  at  Port  Blair  was  in  charge  of  Mr.  Vaux,  who  received  his 
party  and  looked  after  them  during  their  stay. 


From  the  earliest  times  the  inhabitants  of  the  Andaman  Islands 
have  been  considered  one  of  the  most  primitive  and  most  savage  rtices 
on  the  face  of  the  earth.  Fabulous  stories  have  been  told  of  them  by 
early  writers.  Accounts  of  their  alleged  cannibalism  are  found  in 
Chinese  writings.  It  is  thought  that  they  were  included  by  Ptolemy 
in  the  "/h«h/;ih  htjuie.  fdrtume^  described  by  bun,  the  inhabitants  of 
which  were  "anthropophagi,  whose  heuds  do  grow  beneath  their 
shoulders;"  and  other  writers  have  referred  to  the  natives  as  having 
tailx  fi^e  horxfu.  Whatever  may  have  been  the  exaggerations  of  these 
early  accounts  of  the  personal  iittributes  of  the  Andamanese,  it  is 
undoubtedly  true  that  they  were  cruel  and  merciless  savages,  who 
destro}'od  all  those  so  unfortunate  as  to  be  cast  upon  their  shores. 
Their  own  heads  were  not  situated  beneath  their  shouldei's,  but  they 
did  frequently  wear  the  skulls  of  departed  i-elatives  suspended  by  a 
band  around  the  neck  (see  PI.  I,  ligs.  H  and  It);  and  their  "horse-like 
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tails"  were  appendages  on  their  (>eltM  of  pandaimu  leaves,  the  neare»)t 
spproa<th  to  clothing  worn  by  them  (PI.  I,  fig.s.  ija  and  23),  the  men 
not  attempting  to  conceal  their  nakedness,  but  the  women  through 
modeaty  suspending  a  few  green  leaves  from  their  belts  in  the  form 
of  a  very  small  apron  (PI,  I,  tig.  16). 

Dr.  Abbott  repoi-tw  that  at  the  time  of  his  visit  there  were  over 
10,000  eonvicts  at  Port  Blair.  By  nietinM  of  presents  of  cloth,  food, 
iron,  and  other  things  dear  to  the  sav^e  heart,  the  officials  cultivate 
friendly  relations  with  the  natives,  who  in  return  render  the  Govern- 
ment the  most  important  ,^rvices  in  kee[)ing  the  convicts  in  check. 
Indeed,  without  the  aid  of  the  natives  the  station  would  have  to  be 
abandoned.  "The  convicts,"'  Dr.  Abbott  writes,  "are  naturally  a 
pretty  bad  lot  Were  it  not  for  their  fear  of  the  Aiidamanese  escape 
would  be  very  frequent,  and  in  the  vast,  dense  forests  of  the  islands 
recapture  would  he  almost  impossible;  but  with  the  Andanianese 
recapture  is  certain.  It  h  great  fun  for  the  little  black  men,  who  do 
not  hesitate  to  kill  the  runawaj'  if  he  makes  any  resistance." 

ENVIBONMKNT. 

The  islands  are  watered  by  numerous  streams  at  the  mouths  of 
which,  as  on  all  tropical  shores,  are  great  areas  covered  with  a  tangled 
growth  of  mangroves  and  their  allies,  flooded  at  high  tide,  but  exposed 
at  low  water.  From  the  slimy,  muddy  tracts  thus  uncovered,  over 
which  crabs  and  other  shelliish  crawl  and  the  sti-ange  little  air- 
breathing  fish,  IWiophtJialiiii,  hop  about,  ofi'ensive  odors  rise  and 
malarial  gases  are  exhaled.  Elsewhere  along  the  coast  there  are 
stretches  of  white  8and\-  beach  upon  which  the  natives  wade,  visiting 
the  fringing  reefs  for  crustaceans,  moUusks,  and  other  marine  animals 
used  by  theiu  for  food.  It  is  interesting  to  note  that,  with  the  excep- 
tion of  a  few  spots,  evidently  planted  by  the  early  colonists,  cocoanuts 
do  not  occur  in  the  Andamans,  and  this  is  aspecially  remarkable  from 
the  fact  that  the  conditions  are  favorable  for  their  propagation. 

The  interior  is  taken  up  with  an  almost  impeneti-able  forest  of  lofty 
trees,  many  of  which  yield  fruit,  titn'r  suitable  for  making  nets  and 
cordage,  resins,  and  excellent  hardwood. 

Unlike  the  islands  lying  eastward  of  the  Malay  Peninsula,  the 
Andamans  are  separated  from  the  continent  by  deep  water.  It  is  not 
surprising,  therefore,  that  the  fauna  should  be  poor  in  mammals. 
With  the  exception  of  bats  and,  perhaps,  a  tree  shrew,  all  of  the 
mammals  of  the  group  may  possibly  have  been  introduced  through 
human  agency.  The  wild  pig,  '>'(«*  anditmani-nxlt,  a  small  species,  of 
which  the  full-grown  boars  weigh  alx>ut  90  pounds,  is  allied  to  forms 
on  the  mainland  and  in  Sumatra.  The  palm  cat,  Paradoxurus  ft/fieri, 
an  animal  allied  to  the  civets,  may  have  escajied  from  vessels  visiting 
the  islands  or  wrecked  there,  and  the  rats  and  shrews  were  brought 
thither  by  junks. 
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THE   ANDAMANB8E. 

The  ori^n  of  the  Andamanc:!??  hau  lon^  been  an  interesting  problem 
to  antbropoIogi»t8.  From  the  ohiwrvations  of  Mr.  E.  H.  Man,  who, 
moiw  than  any  other,  has  made  the  race  a  study,  it  appears  that 
the  Audamanese  arc  Negritos  and  not  Papuans.  They  are  well  made 
and  well  proportioned.  Their  skulls  are  bra«hy«ephalic  (see  Plate  I, 
fig.  8),  and  very  few  cases  of  prognathism  have  been  observed.  Their 
lips  are  not  thick,  their  profiles  are  good,  and  they  have  no  peculiar 
odor  like  that  which  is  found  in  the  African  race.  Their  extremities 
are  small,  but  the  heel  projects  slightly  to  the  rear.  From  measure- 
ments of  48  men  and  41  women,  made  by  Mr.  Man,  it  was  found  that 
the  average  height  of  the  men  was  4  feet  10$  inches,  of  the  women,  4 
feet  7i  inches,  while  the  averse  weights  were  98J  pounds  and  93^ 
pounds,  respectively.  The  maximum  height  of  the  males  measured 
was  5  feet  4i  inches,  of  the  female  4  feet  11^  inches,  and  the  minimum 
heights  were  4  feet  6J  inches  and  4  feet  4  inches,  resijectively.  The 
color  of  the  skin  of  the  Andamaiiese  is  variable.  It  is  generally  bronze, 
or  dark  copper  color;  often  the  color  of  soot,  and  even  quite  black. 
Their  hair  is  woolly,  but  itji  cross  section  is  not  always  elliptical.  It  is 
a  common  pi-actice  for  l>oth  sexes  to  shave  the  head.  Boys  attain 
puberty  at  the  age  of  16  years  and  girls  at  the  age  of  15.  The  average 
length  of  life  is  said  to  be  ^2  years.  Adult  women  have  a  considerable 
development  of  adipose  tissue  in  the  region  of  the  pelvis,  but  it  ia  not 
excessive.  Laughter  is  frequent  and  often  immoderate.  In  a  letter 
to  the  Smithsonian  Institution,  Doctor  Abbott  says:  "We  liked  the 
Andamanese  very  much;  they  seem  such  a  happy,  jolly  lot  of  little 
folk."  And,  of  the  inhabitants  of  Little  Andaman,  he  says:  "These 
were  a  happy,  merry,  little  people,  infantile  both  in  their  looks  and 
behavior.  They  are  without  the  rank  smell  of  the  negro.  The  girls 
are  frequently  pretty  when  young.  Thej'  are  the  very  blackest  peo- 
ple I  have  ever  seen."  Of  the  natives  near  the  settlement  of  Port 
Blair,  he  says:  "Unfortunately  they  are  dying  out.  Contact  with 
civilization  is  making  the  women  barren,  and  there  are  comparatively 
few  children.  In  Little  Andaman,  which  is  in  statu  quo  ante,  they 
are  in  their  original  condition  and  are  not  dying  out." 

Whatever  may  have  been  the  theories  advanced  to  account  for  the 
presence  of  these  Negritos  in  the  Bay  of  Bengal,  so  entirely  unlike 
any  of  their  immediate  neighbors,  says  Man,  it  is  now  pretty  well 
demonstrated  that  they  are  alwrigines  and  have  inhabited  the  group 
from  prehistoric  times.  Their  nearest  relatives,  Wallace  thinks,  are 
the  Sanmngs  of  the  Malayan  Peninsula  and  the  Aetas  of  the  Philippines. 
All  of  the  tribes  arc  of  the  same  nure,  and  there  is  no  evidence  of  their 
ever  having  been  crossed  with  other  races.  The  inhabitants  of  Little 
Andaman  may  perhaps  ditfcr  somewhat  fiyjm  their  northern  relatives, 
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but  thuj  diffe^en(^c  may  be  attnliuted  to  their  contact  from  time  to 
time  witb  their  neighbors,  the  Nicobarese,  from  whom  they  doubtless 
learned  to  build  houNes. 

The  Andamaiiese  can  not  well  endure  fasting  or  thirst.  They 
appear  to  be  very  sensitive  to  cold  as  well  an  to  the  direct  action  of 
the  sun^s  rays,  from  whirh  they  shield  themselves  with  the  greatest 
care,  often  using  a  palm-leaf  screen  (fig.  iiO,  Fl.  11)  for  this  purpose, 
as  well  as  covering  their  lH>dy  with  a  coating  of  clay. 

The  voice  of  the  men  is  described  as  being  of  medium  loudness, 
Rowing  deeper  and  fuller  in  tone  with  i^c.  After  having  passed 
their  prime,  which  is  apparently  about  35  years,  it  becomes  rough, 
hnsky,  and  tuneless.  The  boys  and  women  have  clear,  pleasant  voices, 
but  in  singing,  the  voices  of  the  women  are  of  bad  intonation.  Fal- 
setto singing  is  common  in  l>oth  sexes,  though  nasal  intonation  is  not 
so  marked  as  in  man}'  Oriental  races.  The  prevailing  male  voice  is 
barytone,  the  compass  usually  about  an  octave.  All  of  the  notes  of 
the  women  are  head  tones. 


Although  the  Andamane»ie  do  nut  pi'actice  agriculture  nor  rear  ani- 
mals, yet  they  do  not  lack  a  l>ountiful  supply  of  food,  which  is  yielded 
to  them  by  the  forest,  the  shore,  and  the  sea.  This  they  obtain  with 
very  little  exertion,  and,  according  to  Mr.  Man,  their  eagerness  in  the 
chase  is  induced  almost  as  much  by  actual  love  of  sport  as  by  the 
necessity  of  obtaining  food.  Were  this  not  the  case  they  would 
hardly  be  found  spending  so  much  time  in  dancing  and  singing,  in 
personal  decoration,  and  in  the  preparation  of  their  meals,  while  they 
reject  with  aversion  anything  that  has  become  at  all  tainted.  Further, 
it  may  be  fairly  estimated  that  one-third  of  the  food  daily  consumed 
by  them  consists  of  edible  i-oots,  fruits,  and  honey.  The  remaining 
portion  of  the  food  is  the  flesh  of  one  or  more  of  the  following, 
namely:  Pig,  paradoxurus,  iguana,  turtle,  fish,  and  mollusks.  with  rare 
additions  of  pigeons  and  jungle  fowl. 

Their  mode  of  eating  meat  is  to  cram  a  large  piece  into  the  mouth, 
and  then  to  cut  off  whatever  is  in  excess  with  a  bamboo  or  cane  (now- 
adays generally  a  steel)  knife  (PI.  II.  figs.  6,  7,  and  11).  Water  is 
their  only  twvei-age.  If  very  thirsty  while  on  a  fishing  expedition,  and 
all  the  fresh  water-supply  is  exhausted,  the  Aryotoda  pour  water  over 
their  heads  or  jumj)  overboard,  and  even  at  timejs  try  to  alleviate  their 
sufferings  by  swallowing  salt  water. 

The  fruits  of  mangroves  are  eaten  occasionally.  They  are  first 
cooked  as  found,  then  peeled  and  soaked  in  water  for  a  couple  of  days 
to  remove  the  bitterness,  after  which  they  are  either  baked  or  boiled. 

Some  fruits  are  merely  sucked  for  their  flavor,  othera  have  fine  wood 
ashes  added  to  them,  the  alkali  of  which  reduces  their  acidity,  while  a 
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few,  like  the  mangrove,  the  seeds  of  the  Leguminoste  creepers  and  of 
the  jack  fruit,  and  othens  resembling  Cashew  nute,  are  cooked. 

Their  favorite  fruiti  are  those  of  Mim/ueiips  ittdica,  the  leaves  of 
which  are  used  by  the  women  for  aprons;  Baccaurea  sapida,  of  which 
the  seed,  as  well  as  the  fruit,  are  eaten,  and  the  rotten  logs  used  for 
fuel;  Gluta  lom/ipettoJata,  belonging  to  the  Anacardiacese;  Oycas 
rumphl!^  the  seeds  of  which  are  eat«n;  several  kinds  of  Diospyros,  and 
the  mangroves  already  referred  to. 

All  animal  food  is  thoroughly  cooked.  Brains  and  marrow,  and  the 
blood  of  turtles,  which  is  boiled  in  the  shell,  are  considered  dainties. 
All  animal  food  is  preferred  almost  l>oiling  hot.  The  natives  fre- 
quently crack  marrow  bones  with  their  teeth,  which  are  usually  sound 
and  strong. 

TATTOOING. 

With  the  exception  of  tattooing  and  painting  the  body,  no  artificial 
deformity  is  met  with,  Mr.  Man  says  that  every  woman  is  supposed 
to  be  proficient  in  shaving,  tattooing,  and  scarifying.  Those  who  have 
shown  special  skill  in  the  art  are  the  recognized  practitioners.  The 
operation  i»  not  atx'ompanied  by  any  ceremony.  Very  few  children 
of  either  sex  attain  the  age  of  eight  years  without  having  been  partially 
tattooed.  The  linal  operation  is  usually  performed  about  the  sixteenth 
or  eighteenth  year. 

BODY    PAINTING. 

Three  kinds  of  pigment  arc  used  by  the  Andamanese  for  the  adorn- 
ment of  their  bodies:  First,  pale,  olive-colored  claj',  called  ogda; 
second,  pure  white  clay,  called  tala-ogda;  third,  kolobda,  or  burnt 
yellow  ocher.  The  first  is  mixed  with  water  and  smeared  over  the 
body,  to  denote  mourning.  After  one  has  become  heated  by  violent 
exercise,  as  in  dancing  or  hunting,  a  thin  coating  of  of/da  is  also  applied 
to  his  body.  The  white  clay  is  more  highly  prized  than  the  olive- 
colored,  on  account  of  its  great  rarity.  It  is  mixed  with  water  and 
applied  ornamentally,  usually  with  the  nail  of  the  forefinger,  in  fine 
tattoo-like  patterns,  to  the  cheeks,  body,  and  limbs.  It  is  the  duty  of 
the  women  to  adorn  their  relatives  for  festive  occasions,  and  they  vie 
with  each  other  in  the  neatness  and  variety  of  their  designs.  The 
burnt  ocher  is  mixed  with  melted  fat,  and  occasionally  with  nut  oil. 
It  is  used  to  anoint  the  bodies  of  both  the  living  and  the  dead,  bat  not 
upon  a  person  in  mourning.  Unlike  the  designs  made  with  white 
clay,  those  made  with  ocher  paint  are  applied  with  the  finger  tips  in 
lough  zigzag  stripes  all  over  the  body. 


The  Andamanese  are  divided  linguistically  into  at  least  nine  tribes. 
In  South  and  Little  Andaman  each  tribe   is  divided  into  the  coast 
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dwellers,  or  Atyotoda,  and  the  jungle  people,  or  Ktem-ta^aJu,  who 
are  allied  in  all  respects  except  in  their  mode  of  life.  It  i;s  imposHible 
to  determine  the  population,  but  Mr.  Man  estimates  that  the  entire 
group  contains  almut  4,<>tH)  houI». 

CLOTHING    AND   ORNAMENTS. 

No  clothing  ia  worn  by  eithor  sex.  Its  place  is  taken  in  a  measure 
by  necklaces,  circlets  for  the  head,  garters,  bi-acelets,  and  belts.  The 
materials  used  are  screw-pine  IraveM,  fringes  of  v^etable  fiber,  shells, 
orchid  stems,  fine  netting,  animal,  and  even  human  bones.  Besides 
these,  the  skulls  of  the  departed,  their  jaws,  etc.,  usually  painted  red 
with  white  markings,  and  ornamented  with  shells,  arc  worn  suspended 
about  the  neck.  Two  skulls  prepared  in  this  way  are  shown  on  PI.  I, 
tigs.  8  and  9  and  PI.  V.  Figs.  11  and  12  and  PI.  VI  show  human  jaws 
ornamented  with  shells;  fig.  10,  a  necklace  made  of  the  vertebra  of  a 
half-grown  child,  also  painted  red  and  adorned  with  shell  pendants; 
figs.  3,  5,  6,  necklaces  or  head  cin^tets  of  shells;  fig.  13,  a  necklace  of 
turtle  bones;  tig.  14,  a  head  circlet  of  vegetable  fiber;  and  fig.  21,  the 
stems  of  an  orchid. 

The  costume  of  a  man  consists  of  gaiters  (figs.  19  and  20),  bracelets 
(figs.  24  and  25),  and  wristlets  (tigs.  17  and  18)  of  pandanus  leaves, 
often  with  the  crumpled  ends  of  the  leaves  forming  a  kind  of  tassel 
and  sometimes  ornamented  with  a  fringe  of  shells  (figs.  18,  lit,  20);  a 
folded  pandanus  leaf  or  circlet  around  the  head,  and  a  liodda,  or  Itelt 
(tigs,  'l-l  and  23)  about  the  waist,  from  which  two  or  four  tufts  of  the 
pandanus  leaves  composing  the  belt  hang  down  )>ehind. 

Women  often  wear  four  or  five  and  even  eight  Jf«/.(/fw.  In  addi- 
tion to  the  tufts  of  pandanus  leaves,  which  hang  down  behind,  they 
wear  a  diminutive  apron  of  green  leaves  (tig.  l*i).  which  is  kept  in 
position  by  the  lowest  licit.  Married  women  wear  the  i-iigun-da  (fig. 
lo),  which  is  a  broad  Iwlt  or  hoop  of  pandanus  loaves,  ornnnientod  on 
the  outside  by  transverse  or  diagonal  uuirkiiigs  of  red  wax.  Belts  are 
sometimes  made  of  simple  strips  of  rattan  (fig.  2).  Slings  are  worn 
either  l>y  men  or  women  (fig.  4)  in  the  fonn  of  liroud  strain  of  bark, 
ornamented  by  red  ocher  and  white  clay,  and  are  used  for  carrying 
babies. 

The  skulls  of  pig^  (P|,  I,  fig.  7)  and  fish  {fig.  1)  are  often  iminlcd 
with  red  ocher  and  white  clay,  and  kept  iis  tniphies. 

HABITATIONS. 

Three  kinds  of  huts  are  erected  hy  the  Great  Andaman  tribes  in 

theirpei-manent  and  temporary  encanipm cuts.     The  most  durable  of 

these  consists  of  a  roof  of  thatch  mad(^  from  the  leaves  of  a  .si>oiies  of 

Calainuif  neatly  phiited  and  fastened  together  with  cane,  and  laid  in 
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rows  on  rafters  supported  on  four  posts,  the  two  front  posts  varying 
in  height  from  6  to  y  feet  and  the  two  rear  ones  from  3  to  3  feet.  Huts 
intended  to  last  for  a  few  months  onlj-  are  somewhat  similar  to  the 
aliove,  Imt  smaller  and  covered  with  thatch  of  inferior  quality.  These 
huts  are  made  liy  the  men.  They  always  sleep  on  a  mat  (PI.  II,  fig. 
IS*)  or  a  bed  of  leaves  spread  under  a  shelter  of  one  of  the  three  classes 
al)ove  dcscrilted. 

The  inhabitants  of  Little  Andaman  make  beehive  shaped  huts  with 
roofs  coming  close  to  the  ground.  They  probably  learned  to  construct 
these  from  their  m;ighlK>rs,  the  Nicolwiresc,  In  the  houses  skulls  of 
pigs,  turtles,  and  fishes,  often  ornamented  with  red  paint,  are  found 
(PI.  I,  tigs.  1  and  7),  and  in  the  vicinity  of  cmampments  shell  heaps 
invariably  occur. 

(IRE. 

They  presen-e  fire  with  great  cai-e,  as  they  ha.e  not  the  art  of  pro- 
ducing it.  In  leaving  an  encampment  with  the  intention  of  returning 
after  a  few  days,  t>esides  taking  with  them  one  or  more  smoldering 
logs,  they  remove  a  large  ))iirning  log  or  faggot  to  some  sheltered  spot, 
where  it  will  smolder  for  a  long  time.  In  each  inhabited  but  is  a  fire, 
not  only  to  keep  the  owner  warm,  but  to  drive  away  the  insects,  to  cook 
food,  and  to  smoke  provisions.  Fires  are  generally  kindled  by  fanning 
the  embei-s  with  a  frond  of  the  bird's-ncst  feni  {Aitphiihim  nidim). 
Torches  (PI.  II,  fig.  .5)  are  made  by  the  women  Ity  wrapping  resin 
obtained  from  a  species  of  SfitTuf/n  in  the  leaves  of  a  lily  {Crinum 
fwifuf/'ii/ii).  These  arc  used  when  fishing  or  traveling,  or  when  danc- 
ing at  night.  An  inferior  kind  of  torch  (Pi.  II.  tig.  14)  is  made  of 
rotten  wood, 

TOOLS   AND   UTKN8ILS. 

Stones  arc  used  us  anvils  and  hammers,  clam  .«hells  {Cyrena  sp.) 
in  a  variety  of  ways  (PI.  II,  fig.  12) — as  knives  for  cutting  palm  leaves 
used  in  thatching,  for  making  the  ornamental  incisions  on  )>ows,  pad- 
dles, etc.,  for  planing  and  smoothing  bows  and  the  w<K>den  portions 
of  arrows,  for  sharpening  bamboo  and  cane  knives  and  Inmr's  tusks 
(PI.  II,  fig.  13),  for  prejmring  fibers,  and  us  .spoons  for  eating.  An-a 
shells  are  employed  for  dressing  the  surface  of  lottery:  pinna  .shells 
also  as  knives,  jis  receptacles  for  white  clay,  and  as  plates  for  food; 
nautilus  shells  serve  as  drinking  vesseUs. 

The  bamboo  is  mndc  into  water  holders  (PI.  II,  fig.  18)  and  i-ecepta- 
cles  for  cooked  food  when  traveling;  into  shafts  for  turtle  haipoons; 
knives  (PI.  II.  fig.  7),  which  are  nan-ow  pieces  hardened  over  a  fire 
and  shaipened  by  means  of  a  cyrcna  .shell;  netting  nee<lle.s:  tongs 
(fig.  17),  which  consist  of  a  strip  of  bamlwo  Iwut  double  and  point«d 
at  the  ends;  and  B<imhmit  wma  furnishes  the  shafts  of  the  wooden  and 
iron-pomted  arrows. 
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The  only  thing  resembling  a  musical  instrtmient  made  l>v  the  Andn- 
marese  is  a  shield-like  drum,  upon  which  the  irerfornior  keeps  time 
by  striking  it  with  his  foot. 

FroQi  the  drupe  of  a  paudanus  a  [mint  brush  is  made  by  removing 
the  pulp  with  a  cyrcna  shell.  This  brush  is  used  for  painting  the 
ornamental  stripert  on  their  basket*,  Iwby  slings,  eU\  Neither  skins 
of  animals  nor  thorns  of  trees  or  creepers  are  utilized  by  the  Andn- 
manese  in  their  arts.  Fly  flaps  are  made  by  attaching  vegetable  filjer 
to  a  wooden  handle  (PI  II.  tig.  1). 


Forging  is  unknown  to  the  Andamanese.  They  obtain  iron  from 
wrecked  ships,  from  old  hoops,  etc.,  and  make  knives  (PI.  II,  fig.  11), 
arrowheads,  harpoon  points,  and  adze.-^  (PI.  II,  fig.  4)  of  it,  resting  the 
piece  of  cold  metal  on  a  stone  anvil,  beating  it  with  a  hard,  smooth 
utone  to  the  required  thinness,  and  shaping  it  bj'  iiending  back  the 
edge  and  beating  it  until  bi'oken  off.  The  jagged  edge  is  then  ground 
down  on  a  hone  until  the  recjuired  shape  is  obtained. 


Clay  Huitable  for  making  potteiy  is  found  only  in  a  few  plaees. 
This  is  cleaned  of  stones.  inixe<l  with  water,  and  kneaded  to  the  proper 
consistency.  The  Ixise  of  the  pot  is  made  in  the  fonn  of  a  cup.  To 
this  roll  after  roll  of  clay  is  added,  and  the  sides  built  up,  care  being 
taken  to  insure  uniformity  and  a  proper  thickness,  and  the  inner  and 
outer  surfaces  are  smoothed  off  with  an  ai-ca  shell,  after  which  the 
vessel  is  ornamented  with  wavy,  checkered,  or  striped  designs  bj' 
means  of  a  pointed  stick,  when  it  is  dried  and  baked  by  placing  pieces 
of  burning  wood  l>oth  inside  and  around  the  vessel. 

BA8KKT    WORK. 

Itaskets  (PI.  11,  figs.  '2'2  and  23)  are  made  of  cane,  called  /litf^/t'/a, 
which  is  cut  into  lengths  of  3  or  4  feet,  the  skin  split  into  strips, 
l^skets  are  much  used  by  men,  women,  and  children.  Natives  are 
seldom  seen  without  them.  Siwcimens  were  forwarded  by  Dr.  Abbott 
l)oth  of  wicker  (fig.  '2S)  and  of  wrapped  (fig.  2'2)  basket  work. 


In  addition  to  the  sounding-boards  used  for  keeping  time,  the  Anda- 
manese make  food  trays  (PI.  II,  fig.  2)  and  buckets  (fig.  '21)  for  holdiug 
food. 
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CORDAOB. 

String  is  made  for  their  harpoon  linps,  turtle  nets  and  cables,  hand- 
fishing  nets,  sleeping  mats,  ho^strings,  arrow  fastenings,  reticules 
(PI.  II,  fig.  16),  and  necklaces.  The  yellow  skin  of  an  orchid  {Den- 
drohium)  ie  often  seen  intertwined  with  the  Anadendron  string,  and  is 
used  as  an  ornamentation  in  the  lashings  of  spear  heads  (Fl.  Ill,  fig.  8), 
etc.     Bowstrings  are  ooated  with  wax. 


Bows  and  arrows  are  the  principal  weapons  used  by  the  Anda- 
manese  both  in  warfare  and  in  hunting.  Besides  thesp,  for  spearing 
turtle  and  large  fish  a  harpoon  is  used,  and  a  peculiar  fish  spear  con- 
sisting of  a  number  of  slender,  pointed  wooden  rods  ari-anged  in  a 
plane  and  diverging  from  the  handle  to  the  extremities.  They  ai« 
kept  in  place  by  small  pieces  of  wood  transveisely  lashed  across  them, 
as  shown  in  fig.  13,  PI.  III.  Pig  spears  (fig.  8,  PI.  3)  are  of  compara- 
tively recent  introduction. 

SIUMOIU  BOWS. 

The  S-shaped  bows  of  the  Great  Andaman  tribes  ai-e  interesting 
from  their  resemblance  to  those  used  by  the  natives  of  New  Ireland 
and  of  Mallicolo,  one  of  the  New  Hebrides.  As  held  in  the  hand,  the 
upper  part  curves  toward  the  marksman  and  the  lower  part  away 
tvonx  him.  Bows  used  by  the  tribes  of  South  and  Middle  Andaman 
and  in  the  archipelago  are  usually  ornamented  by  longitudinal  rows 
of  X-shaped  markings  cut  with  a  Cyrena  shell,  and  ai-c  sometimes 
smeared  with  red  ocher.  The  l:>ow.string  is  made  of  the  liark  fiber  of 
Anodcndfon  (niniculatum,  which  is  usually  coated  with  black  bees- 
wa.x.  Those  made  by  the  North  Andaman  tril>es(Pl.  Ill,  figs.  16  and  IT) 
arc  of  a  neater  and  more  elegant  fonu.  They  have  long  attenuated 
extremities,  are  never  ornamented  by  carving  or  painting,  and  are 
usually  from  5  to  .^i  feet  long.  In  Middle  and  South  Andaman  the 
bows  used  in  the  interior  for  hunting  are  al>out  4  feet  long.  In  the 
coa.st  and  in  the  open  jungle,  or  when  shooting  fish,  longer  ones  are 
used;  and  when  made  for  presentation  they  are  (U  to  7  feet  long,  and 
are  elaborately  ornamented  with  lines  of  X-.shaped  incisions  made 
with  a  Cyrena  shell.  On  PI.  Ill,  figs.  14  and  IS.  are  tyjws  of  the 
bows  of  South  and  Middle  Andaman  and  of  the  archipelago,  the  latter 
being  a  bow  of  the  anual  size  for  hunting  and  the  former,  longfer, 
broader,  and  more  elalwi-ately  decoiuted  (the  markings  on  the  Hat  sur- 
face can  not  be  seen),  for  presentation.  As  shown  in  the  figure  the  l)ow 
is  inverted;  the  lower  pomt  is  that  which  is  held  uppermost  in  firing. 
Figs.  Ifi  and  17  are  bows  of  the  North  Andamancse.  As  shown  by 
fig.  Hi,  the  sigmoid  curve  is  not  so  pronounced  in  this  type  as  in  that 
of  their  southern  neighbois. 
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SIMPLE  BOWS. 

The  bows  of  the  Jarawada  tribes,  iababiting  Little  Andaman,  Rut-  ' 
land  Island,  and  a  few  other  localities  of  the  group,  are  simple  in  ^bape. 
PI.  Ill,  fig.  1,  shows  a  bow  collected  by  Dr.  Abbott  at  Bumila  Creek, 
Little  Andaman,  and  tig.  5  is  a  bow  used  by  the  Rutland  Islanders. 
Sometimes  bows  are  made  for  children  of  the  wood  of  a  mangro%'e 
{Bruguiera  gifimKirrkisa). 


The  arrows  of  the  Andamanese  consist  of  a  shaft  of  dwarf  bam^>oo 
{Bamhuea  nana)  and  a  foreshaft.  The  latter  may  be  simply  of  the 
wood  of  a  palm  {Ari-cn  sp.)  or  mangrove,  hardened  by  fire  and  left 
blunt  for  practicing  at  a  mark  orsharpened.  Wooden-pointed  arrows 
are  used  for  shooting  tish,  and  hy  the  jungle  tribes  for  other  animals. 
They  are  made  in  great  numbers  by  these  people  and  taken  by  them 
to  the  coast  and  bartered  for  iron-pointed  arrows,  turtle  oil,  etc. 

Sometimes  fish  arrows  are  provided  with  two  or  more  long,  blender, 
sharp  wooden  points.  PI.  Ill,  fig.  %  shows  a  three-poiated  tish  arrow 
collected  by  Dr.  Abbott  at  Bumila  Creek,  Little  Andaman;  fig.  4  is  a 
two-pointed  arrow  picked  up  by  him  on  North  Cinque,  an  islet  on  the 
southwest  coast  of  Rutland  Island;  fig.  3  is  the  simple  wooden-pointed 
arrow.  The  foresbafts  of  fish  an-ows  are  fi-equently  iron-pointed. 
The  point  mayconsist  of  a  piece  of  stout  iron  wire  or  a  nail  sharpened 
at  each  end,  the  proximal  end  extending  obliquely  backward  to  form  a 
barb,  "boat-book  fashion,*'  as  seen  in  figs.  6  and  7,  PI.  Ill,  or  it  may 
be  provided  with  a  flattened  iron  head  and  barbs,  as  in  fig.  12.  The 
string  seizings  attaching  the  bead  and  barbs  to  the  foreshaft  are  pro- 
tected by  a  coating  of  red  wax.  In  former  times  fish  arrows  were 
often  pointed  with  bone;  the  serrated  bone  from  the  tail  of  a  sting-ray, 
of  such  general  use  in  Polynesia,  was  often  used  for  this  pur-pose. 

HARPOON   AEBOW8. 

These  are  arrows  of  which  the  foreshaft  is  detachable  and  is  con- 
nected with  the  i^haft  near  the  end  of  the  latter  by  a  stout,  flat  lanyard 
about  5  inches  long,  made  of  the  fiber  of  Anodendrati  paniculutwit. 
The  foreshaft  is  provided  with  an  iron  head  and  one,  two,  or  three 
barbs  (.see  PI.  Ill,  figs.  9,  10,  and  11;  also  PI.  IV).  The  seizings 
attaching  the  head  and  the  lanyard  to  the  fore.shaft  are  protected  by  a 
smooth,  solid  coating  of  red  wax.  These  harpoon  arrows,  called  ela-da, 
are  used  for  shooting  pigs.  The  foreshaft  is  thrust  into  a  socket  at 
the  end  of  the  shaft  and  twisted  until  the  lanyard  forms  a  tight  coil 
about  the  upper  part  of  the  shaft.  When  an  animal  is  struck  the  Imrbs 
of  the  arrow  hold  the  head  with  the  foreshaft  attached  firmly  in  the 
flesh,  the  shaft  is  knocked  loose   as  the  animal  rushe.-s  through  the 
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juDgle,  drawing  the  shaft  behind  it;  and  as  the  latter  is  inade  fast  to 
the  lanyai'd  at  some  distance  from  the  end,  it  trails  at  an  angle  and  is 
soon  caught  in  the  bushes,  holding  the  wounded  animal  until  the  hunter 
comeii  to  dispatch  it. 

TURTLE   HAEPOONS. 

A  turtle  harpoon  line  made  of  the  bark  fiber  of  Jfelochia  ariorea, 
with  the  barbed  iron  point  attached,  is  shown  on  PI,  III.  fig.  18.  The 
point  is  set  in  a  sort  of  conical  plug,  which  fits  tightly  into  a  socket 
at  the  end  of  a  bamboo  shaft,  often  18  feet  or  more  in  length.  When 
a  turtle  or  large  fish  is  struck  the  shaft  becomes  detached,  and  is 
picked  up  after  the  animal  has  \teen  captured. 


Both  outri^^r  canoes  and  simple  dugouts  are  used  by  the  Anda- 
manese.  They  are  propelled  by  paddles,  or,  in  shallow  water,  by  poles 
or  the  shaft  of  a  turtle  harpoon.  A  narrow  pi-ojectmg  bow  is  con- 
sidered by  them  to  be  a  great  advantage  for  throwing  the  harpoon  in 
turtle  fishing.  The  anchor  is  merely  a  lai-ge  stone  or  lump  of  corral, 
the  cable  a  rope  of  the  same  fiber  as  the  harpoon  line. 

For  the  social  life  of  the  Andamanese,  their  marriage  customs, 
ceremonies,  etc.,  the  reader  it*  referred  to  the  work  of  Mr.  E.  H. 
Man,  from  which  much  of  the  foregoing  information  haa  been  obtsioed. 
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EXPLANATION  OF  PLATE  1. 


1.  Fish  ebult,  painte<)  with  red  orher,  kept  as 

2.  Bell,  i>r  waist  circlet,  of  rattan. 

3.  Circlet  of  spirfti  shells  on  network,  worn  on 

the  head  or  neck. 

4.  Band  of  bark,  worn  over  the  shoulder,  for 

carrying  child. 
6.  Necklace  of  Bhelle  {Hemicardium  unedo). 

6.  Nei'klace  of  calyces  of  mangrove. 

7.  Pig't  skull,  painted  with  red  ocher  and  white 

clay,  kept  as  a.  tn)phy. 

8.  Human  ekull,  painted  with  red  ocher  snd 

white  clay,  and  ornamented  with  Den- 
tatiuin  shells,  and  with  Hemicardium 
and  Solarium  shells  attached  lo  the  tem- 
poral arches;  worn  in  mfmoriam  by  a 
relative  of  the  deceai^. 

9.  Human  skull,  suspen<led  hy  cord  of  bark 

fiber. 

10.  Circlet  mode   of  vertebne   of  a   half-grown 

child;  worn  on  Ihe  head  or  about  the 
neck  ill  memoriam  by  a  relative  of  the 
deceased. 

11.  Human  jawtwne,  worn  like  the  preceding, 

ornamented  by  strings  of  tknlatmm  octngonum. 

12.  Human  jawlione,  painted,  with  red  ocher,  and  ornamented  with  Hemicarditim 

shells;  susiH-ndeil  hy  network  of  bark  fiber. 

13.  Circlet  of  turtle  bones,  worn  about  the  head  or  neck. 

14.  Circlet  of  vegetable  fiber,  worn  on  the  liead. 

15.  Woman's  l>elt,  made  of  IhiHiianu*  andamanentium,  the  ends  of  the  leaves  form- 

ing four  tufts,  which  are  worn  behind,  the  outside  of  the  hoop  ornamented 
with  transverse  markings  of  red  wax  paint.    Several  belts  are  worn  by  each 

16.  Tutt  of  leaves  of  Mimuxop'  indka;    worn  hy  the  women  as  an  apron,  held  in 

place  by  the  lowest  belt. 

17.  Wristlet  made  of  \evinm  oi  PmiiUiniit  nmtamnueia'mm. 

18.  Wristlet,  or  bracelet,  similar  to  the  preceding,  but  ornamented  with  strings  of 

Dentalium  shells. 

19.  Garter  of  Paiidanus  leaves,  omamentcil  with  Denljilium  shells. 

20.  Circlet,  similar  to  the  prei'eding. 

21.  Stems  of  an  orchid  (Dtndrobiam  sp.),  the  yellow  skin  of  which  is  used  to  orna- 

ment cords,  and  the  seizings  of  pig-spear  headf. 

22.  Man's  l)elt  of  PantlanuH  leaves,  with  two  tufts,  intendeil  lo  hang  down  behind. 

23.  Belt  similar  to  the  preceding,  hut  having  tour  tufts  of  Pandanus  leaves. 

24.  Man's  garters  of  Pandanus  leaves,  made  like  the  preceding. 

25.  Garter  in  the  form  of  a  flat  hoop  of  Pandanus  leaves,  made  like  fig.  15,  and 

omainenteil  in  Ihe  same  way. 

26.  .Man's  belt,  consisting  of  a  fringe  of  Dentaliuiu  sheJls,  coated  with  red  ocher. 
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EXPLA>'ATION  OF  PLATE  II. 

.  Fly  brush  consisting  oE  strips  of  Panilanus 

leavfw  secured  to  a  wocKlen  liandte  by  a 

luahin);  of  rattan. 
1.  Fooii  tray  of  woixl. 
I.  Fil>er  of  Giietum  edale,  from  whicli  the  pulp 

has  been  removed  by  scraping  tlie  bark 

with  a  Cyrena  shell. 
r.  Adz   (modem)  made  of  iron  obraineil   from 

the  keel  piste  of  a  vessel.     Shells  were 

formerly  iwed,  but  atones  were  never  used 

by  the  Andamaneee  for  celts. 
'.  Torch,  made  by  women,  of  resin  wrappeil   in 

an  Amaryllis  leaf  (Crinnm  hyrifolium). 
i,  7.  Bamboo   knives  in'  le  by  hardening  the 

At\\»  with  firc-and  sharpening  the  e<lges 

with  a  Cyrena  shell. 
I.  Bamboo  skewer  with  shells  attached. 
I.  Bed  wax,  made  by  men,  of  red  oxide  of  iron, 

resin  obtained  from  a  tree  (Celtis?),  and 

white  beeswax;  used  to  form  a  protective 

coating  over  seizings  of  arrowheads,  har- 
poons, etc.;  for  ornamenlin);  food  trays, 

buckets,  and    belts,  and   sometimes  for 

closing  the  seams  of  canoes  and  cracks  in  wooden  bucketa. 
t.  Pinna  shell  knives,  now  seldom  used,  their  place  having  been  taken  by  iron 

obtaineil  from  hoops,  plates  from  vessels,  etc. 
..  Skewer  attached  to  iron  knife. 

I.  Cyrena  shells,  the  edge  sharpened,  and  used  for  cutting,  carving,  and  for  smooth- 
ing bows  and  arrows. 
I.  Boar's  tusk,  the  inner  edg«  of  which  has  been  sharpened  with  a  Cyrena  shell. 

Used  for  i)laning  bows,  arrows,  and  paddles. 
I.  Torch  of  resinous  wood,  from  decayed  logs  of  Dipterocarpa*  licvie.     They  do  not 

bum  so  readily  as  the  torch  of  resin  (fig.  5)  and  are  seldom  used  outside  of 

the  huts. 
I.  Fiber  of  Anodendron  pamculatum,  of  which  bowstrings,  arrow  fastenings,  and  net- 
tings are  made. 
I.  Woman's  reticule,  netted  from  fine  string  made  of  the  fiber  of  Anoiiendron  p-in- 

iculalvm. 
'.  Bamboo  tongs. 
I.  Bamboo  water  vessel. 
I.  Sleeping  n)at,  made  of  Calamus  strips  twined  together  with  string  twisted  from 

the  fiber  of  Giteltim  cduU,  and  decorated  with  lines  of  red  ocher  and  white 

clay. 
).  Palm  deaf  screen  [Licaala  peltalaf). 
..  Bucket  made  of  the  wood  of  Sterculia  rilloia,  with  a  loop  of  cane  to  form  the 

handle,  made  by  means  of  an  adz  blade  attached  to  a  handle  in  the  form  of 

a  chisel;  ornamented  with  longitudinal  markings  of  red  and  while. 
'..  Wrapped  liaskeC  with  conical  bottom. 
t.  Wicker  basket  with  reentrant  bottom. 
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EXPLANATION  OF  PLATE  lU. 

1.  Simple  bow  from  Little  Amiamaii  lalanil. 

2.  Three-pointep    wooden     fish     arrow,    from 

Buniila  Creek,  Little  Andaman. 

3.  Fish  arrow,  toreshaft  of   wood  hanlene<l  by 

fire  anil  pointed,  shaft  of  Bamtnua  nana. 

4.  Two-pointed  wooden  fish  arrow,  NoKh  Cinque 

5.  Simple  bow  from  Rutland  Island. 

6.  7.  Fish  arrows,  forefhafte  pointed  with  wire 

sharpened  at  each  end,  extending  ob- 
liquely backward  lo  form  a  barb,  the 
aeizinga  proleeted  by  i-oating  of  red  wax. 

8.  Three  pig  opeare;  iron  heads  secured  by  seis- 
inpH  of  Anadtiiflrfm  paniciUnlam  fiber, 
and  ornamented  with  strips  of  yellow 
Dendrobiurn  bark. 

S,  10,  11.  Harpoon  arrows  for  killing  piga  {see 
PI.  IV). 

12.  Fish  arrow  with  barbed  iron  head. 

13.  Many  pointed  fish  spear  of  wooil, 
14  and  15.  Sigmoid  Iiowb  used  by  the  natives  of 

South    and  Middle  Andaman  and  the 
"Archipelago,"  ornamented  with  lines  of  X-8hape<l 
Cyrena  shell. 
16,  17.  Sigmoid  bows  ui«d  by  natives  of  North  Andaman. 
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Skull  of  deceased  Relative,  worn  as  a  Necklace. 
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THE  DEVELOPMENT  OF  ILLUMINATION." 


By  Walter  Houoh. 


Before  the  period  of  artificial  illuminatioti  there  were  many  maoi- 
featations  of  lipht  in  nature  coining  to  the  aid  of  the  denizens  of  the 
earth  during  the  hours  of  darkness.  Of  theste  were  thi^  so-called  luct- 
fonn  appearances,  including  the  aurora  borealis  and  atistraliu,  which 
enliven  the  long  nights  at  the  polar  zones;  the  niagellan  clouds  of  the 
Southern  Hemisphere;  the  zodia<-al  light,  whose  cause  was  long  a  sub- 
ject of  ^speculation,  and  the  diffused  light  of  the  milky  way,  known  to 
the  Chinese  as  the  "river  of  the  sky." 

The  light  from  the  Htars  and  planets  is  not  inconsiderable.  Under 
the  clear  night  sky  of  the  Arizona  dcsei-ts  the  atmosphere  seems 
charged  with  star  mist;  eminences  miles  away  may  be  outlined,  the 
dial  of  a  watch  may  be  read,  and  a  trail  followed  with  little  difficulty. 
These  are  the  conditions  under  which  night  journeys  are  made  to  avoid 
the  blaming  sun.  The  planet  Venus,  at  inferior  conjunction  especially, 
sheds  light  sufficient  for  the  traveler  over  open  country. 

There  are  at  times  nights  of  remarkable  luminescence.  Clouds 
become  phosphorescent,  and  often  under  certain  states  of  electric 
stress,  during  high  winds,  glimmer  with  a  faint  light  not  amounting 
to  a  discharge  of  the  electric  fluid.  Frequently  successive  flashes  of 
"heat  lightning"  aid  the  traveler  in  finding  his  way.  It  is  possible, 
also,  that  the  soil  over  certain  regions  may  become  phosphorescent 
under  the  light  of  the  sun  and  retain  the  property  during  the  night, 
as  certain  gems  are  phosphorescent  after  being  submitted  to  sunlight. 
Snow  has  this  property-  Gaseous  emanations  of  a  phosphoresi-ent 
character  are  occasionally  abundant  enough  to  produce  temporary 
illumination. 

Next  to  the  sun  in  value  to  man  as  a  light  producer  is  the  moon. 
Though  inteimittent  in  the  power  and  duration  of  its  light,  the  moon 
liiLs  proven  n  vaUiabh^  auxiliary  on  the  night  side  of  man's  life,  and 
its  period  has  given  a  measurement  of  aggregates  of  time. 

In  torrid  climates,  and  at  hot  seasons  of  the  year,  work  is  often 

"Beail  at  the  Cuniirfs  International  il'Anthro])olov:ie  et  d'ArcWoliigie  Prfhisto- 
riques,  XII  Bewiiin,  I'ariii,  Aii)i;u8t,  1!KX).  (Reprinted  from  tlie  Aintjrii'an  Anthnipolo- 
gist  (N.  S.),  Vol.  Ill,  Ai.ril-June,  1901.) 
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carried  on  by  moonlight  in  order  to  escape  the  heat  of  the  day.  While 
moonliffht  is  450,(XK)  times  less  bright  than  daylight,  under  certain 
favorable  conditions  the  light  seems  intense  and  ample  for  many 
purposes. 

The  well-known  phosphorescence  of  lichens  has  been  found  to  give 
considerable  light  during  warm,  moist  nights  in  the  summer.  Certain 
flowers  are  phosphorescent,  or  emit  flashes  of  light,  as  the  tuberose 
and  moonflower.  In  the  vegetable  world  there  are  numerous  sources 
of  light  whose  faintness  causes  them  to  escape  ordinary  observation. 
As  an  aid  to  man,  however,  the  light  from  the  vegetable  kingdom  is 
far  less  useful  than  that  yielded  by  the  animal  kingdom. 

When  the  animal  kingdom  is  reached,  numerous  examples  of  light 
phenomena  connected  with  vital  processes  are  found.  The  familiar 
firefly  of  northern  latitudes  frequently  renders  summer  nights  lumi- 
nous, while  the  tropical  not-tilucidje  yield  an  actual  and  valuable 
illumination  which  has  been  utilized  as  light  in  several  interesting 
ways  by  the  inhabitants  of  regions  in  which  the  insects  are  found. 

The  distinguished  traveler  Kaeinpfer  described  the  firaflies  of  Siam 
as  "settling  upon  the  trees  like  a  fiery  cloud,"  and  in  Brazil  Gardner 
compai-es  them  in  brilliancy  with  "stars  that  have  fallen  from  the 
Armament  and  are  floating  about  without  a  i-esting  place.'"  Kidder 
says:  "In  the  mountains  of  Tijuca  I  have  read  the  finest  print  of 
Harper's  Magazine  by  the  light  of  one  of  these  natui-al  lamps  placed 
under  a  common  glass  tumbler,  and  with  distinctness  I  could  tell  the 
hour  of  the  night  and  discern  the  very  small  figures  which  marked  the 
seconds  of  a  little  Swiss  wat<'h.  The  Indians  formerly  used  thnm 
instead  of  flambeaux  in  their  bunting  and  fishing  excursions,  and  when 
traveling  in  the  night  they  are  accustomed  to  fasten  them  to  their  feet 
and  bands.  And  th<?y  are  used  by  sefToritas  for  adorning  their  tresses. 
Prcscott  narrates  the  terror  they  inspired  in  the  Spaniards  in  1520. 
'The  air  was  filled  with  ■'cocuyos,"a  species  of  large  beetle  which 
emits  an  intense  phosphoric  light  from  its  body  strong  enough  to 
enable  one  to  read  by  it.  These  wandering  fires  swn  in  the  darkness 
of  the  night  were  converted  by  the  besieged  into  an  army  of  match- 
locks," so  says  Bernal  Diaz."' 

The  bearing  of  the  light  of  the  firefly  on  the  light  of  the  future  is 
very  important,  and  the  investigations  carried  on  at  the  .Smithsonian 
Institution  a  few  years  ago  may  introduce  a  new  epoch  in  illumination. 
A  brief  acc(mnt  in  the  Philadelphia  American  states  that  "  some  inter- 
esting experiments  upon  the  nature  and  origin  of  the  light  emitted  by 
the  firefly  have  lately  been  made  l>y  Prof.  S.  P.  Langley,  From  the 
spectroscope  ho  finds  the  light  to  be  of  exceedingly  narrow  range  of 
refrangibility.  The  heat  given  out  is  saircely  appreciable.  I>eing  less 
than  one-half  of  1  per  cent  of  that  produced  liy  an  equal  amount  of 


•Kidder  and  FleUher,  BnzU  anil  the  Brazilians,  Phila.,  1857, 
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light  from  a  candle  or  other  common  illuminunt.  That  the  light  is 
a  chemical  product  would  seem  to  \>e  established  by  the  fact  that 
it  decreases  by  products  which  check  combustion  (e.  g..  nitrogen) 
and  increases  by  products  which  aid  combustion  (oxygen),  and  thiit 
the  product  of  the  process  is  apparently  carbon  dioxide.  The  j-ubject 
of  the  origin  of  'phosphorescent'  light  is  one  that  may  develop  very 
intei'^sting  features,  for,  as  graphically  stated  by  Prof.  Oliver  .1. 
Lodge,  if  the  secret  of  the  firefly  were  known,  a  boy  turning  a  ci-ank 
might  l>e  able  to  furnish  the  enei^y  necessary  to  light  an  entire  elec- 
tric circuit.  From  this  standpoint  Professor  Lodge  regards  as  enor- 
moutj  the  waste  of  energy  in  the  machinery  of  electric-light  making 
now  in  use." 

Most  of  the  1.50  specie-s  of  animals  which  are  light-producing  inhabit 
the  sea,  where  their  light  is  of  small  importance  to  man.  The  wonder- 
ful phosphoresi-ence  of  the  tropical  seas,  which  has  drawn  forth  many 
descriptions  of  its  beauty,  is  «Mused  liy  the  collective  lights  of  myriads 
of  infusorim  on  the  surface  of  the  water. 

The  day  opens  up  a  vast  tield  of  activities  requiring  light  for  their 
prosecution.  Solar  light  is  normal  for  the  carrying  on  of  these  activi- 
ties, and  the  night  is  normal  for  lest  and  recuperative  processes.  The 
important  phenomena  of  the  day  are  sunrise  and  sunset;  and  the  day's 
labor  regulates  itself  to  twilight,  morning  and  evening  hours,  and  the 
hours  of  broad  day  divided  by  the  meridian  of  the  sun.  Sunrise  is 
attended  with  certain  phenomena,  which  observant  people  have  noticed. 

The  Hopi  tribe  of  Arizona,  for  instance,  employ  the  following  terms 
for  sunrise:  Sunrise,  talaralya;  place  of  sunrise,  tmcn  ywn  tynhi; 
faintest  dawn,  hlijahlptii;  first  light,  talU;  light  of  sunrise,  t<ildii'i-; 
yellow  light  of  sunrise,  fih/aHujiiii/  before  emergence  of  sun,  fuieii 
hiiyiva,  "sun  appears;"  sunup,  tawa  yama.'  Few  tribes  indeed  have 
not  been  impressed  with  dawn  and  sunset,  and  few  in  the  oblique  lati- 
tudes have  failed  to  mark  the  seasonal  progress  of  the  sun  along  the 
horizon. 

There  is  a  wide  difference  in  the  amount  of  sunlight  enjoyed  by  the 
dwellers  on  the  earth's  surface,  depending  on  the  height  and  configu- 
ration of  the  land,  its  absorptive  and  reflective  qualities,  the  presence 
of  forests  and  vegetation,  the  amount  of  moistui'e  and  dust  in  the  air, 
cloud  formation,  and  other  elements  which  suggest  themselves  to  the 
reader,  producing  local  and  periodical  variation.  To  these  must  be 
added  the  sea.sons  and  the  position  in  latitude  determining  the  length 
of  the  day  and  the  duration  of  twilight. 

The  superabundance  of  sunlight  has  brought  about  many  devices 
for  warding  off  and  tempering  the  I'ays  and  amelioi'ating  their  heat. 
For  protecting  his  eyes  from  the  excessive  light  man  has  devised  eye- 
shades,  hats,  and  parasols;  and  for  shade  and  protection  from  the  heat, 

'  Authority  of  Dr.  J.  Walter  Fewkes, 

CplizsdbyGoOgle 


496  DEVELOPMENT   OF   ILLUMINATION. 

^belters  of  brtitih,  skin,  or  cloth.  In  name  environments  the  chief 
function  of  the  house  ^eems  to  be  for  shelter  against  a  burning  aun, 
and  this  points  out  a  probable  origin  of  the  house  in  tropical  countries. 

Nowhere  is  this  regulation  of  daylight  more  thoroughly  carried  out 
than  in  our  modern  houses  of  the  temperate  regions,  whose  develop- 
ment has  been  along  the  praiseworthy  lines  of  more,  light  and  air. 
What  the  aucient^  directly  accomplished  by  small  light  openings 
requires  now  hangings,  lace  curtains,  inside  shutters,  blinds,  perhaps 
sash  curtains,  outside  shutters,  and  an  awning.  These  may  further  be 
reinforced  by  shade  ti-ees.  With  all  these  adjuncts  one  might  be  led 
to  l>elieve  that  the  dim  light  of  the  early  hous^  is  still  preferred  by 
the  moderns. 

As  a  coi-ollary  of  protection  from  the  sun  follows  the  observatioD 
that  tri)>es  living  in  the  shade  become  lighter  in  color  than  their 
fellows  living  in  the  open  country.  It  is  also  true  that  there  is  a 
characteristic  facial  modification,  such  as  wrinkling  and  contorting 
about  the  eyes  produced  in  those  who  are  exposed  to  the  glaring  light 
of  the  deserts  or  the  sea. 

Without  doubt  man  is  a  diurnal  animal;  his  eyes  have  not  the  con- 
densing power  of  those  of  the  Fdld<B  and  other  nocturnal  beasts.  The 
man  apes  are  also  day  animals,  and  those  tribes  of  mankind  retaining 
a  degree  of  primttiveness  regulate  their  rest  to  the  setting  and  rising 
of  the  nan. 

With  the  use  of  fire  begins  the  history  of  artiticial  illumination. 
The  nocturnal  light  of  nature  became  then  of  little  moment  in  com- 
parison with  tiro  lights  and  the  burning  brand  in  the  hand  of  man; 
the  conquest  of  light  over  darkness  was  signalized,  and  the  night  side 
of  man's  life  and  his  progress  toward  culture  beca,mo  a  theme  of  sur- 
passing interest. 

There  perhaps  can  not  be  a  satisfactory  iv construction  of  the  period 
before  the  knowledge  of  tire,  and  the  difficulty  persists  in  the  subse- 
quent stages  of  the  acquisition  and  use  of  tiro,  and  the  generation  of 
fire  at  will — stages  grasi^d  by  the  philosophic  mind  of  Paul  Broca. 

One  fact  stands  out  clearly^that  man  unacquainted  with  fire  is 
unknown.  With  the  light  of  the  camp  fire  comes  the  torch,  and  from 
this  starting  point,  by  the  help  of  observations  on  less  civilized  peoples, 
it  may  be  possible  to  reconstruct  the  history  of  artificial  illnminution 
and  to  check  it  in  some  degree  by  the  aid  of  an-ba^ologj-. 

The  following  table,  briefly  epitomizing  the  development  of  the 
candle,  is  presented  as  the  result  of  extended  research  in  this  direction: 

DEVEIXIPMEST   OK   TMK   CANDl.K. 

PnAmllaminuiion  in  line  iif  lurch: 

Fireflies  tipe^l  m  ton-lie^.     Fat  btxliea  of  hinlx  and  liitli  liumed  for  l^ht. 
Prototorch  (a<lventilifiim  ami  teiiijiorary): 

1.  Firebrand,  liranchef,  reKinoux  wruxt,  baric,  leaves,  etc 
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Torrh  (lor  ciistoniBry  use): 

2.  FJlivcrx  or  other  elemeDtc  tied  together  in  a  bundle. 

3.  Roll  nf  resin  wrapped  in  leaveo. 
Protorandle: 

4.  Rope  Boaked  in  renin. 

5.  Fiber  aoaked  in  fat  or  wax. 

6.  Riuh  Foaked  in  Krease. 

7.  Rtii-k  or  Hplint  with  greoKe  for  lightintc. 
Ouidif: 

8.  Mass  of  fal  fonn»i  upiin  a  slick  around  whtrh  in  wound  a  wiek  of  fiber. 
t).  OandleB  of  wax  or  fat. 

10.  Dipped  candleH, 

11.  Molded  candlee;  iu>)imve<l  luxl  art  tanillee  of  twentieth  uentury. 

While  the  line  of  development  has  pi-ocooded  from  the  rud«  torch  to 
the  candle,  the  xteps  marked  in  the  series  are  suggestive,  embracing 
devices  used  t)y  different  peoples  and  at  divers  times.  There  is  not 
space  here  to  present  the  result**  of  investigations  among  different 
people-H  and  in  special  areas.  It  will  Iw  seen  that  the  purpose  for 
which  light  is  to  he  used,  the  place  in  which  it  iw  to  be  used,  the 
period,  and  the  resources  of  the  environment,  are  among  the  modify- 
ing influrncea  on  materials  and  apparatu!).  Hence  the  complete  st«pe  . 
of  the  development  may  not  be  exemplified  in  a  given  area,  though  a 
number  of  superposed  pha^^s  of  light  utilization  may  exist  side  by 
side.  It  is  true,  also,  that  the  growing  need  for  light  has  brought 
a  closer  association  of  the  means  of  illumination  with  the  life  of 
man.  The  smoking  torch,  for  example,  is  utilized  for  open-air 
illumination,  while  the  candle  enters  the  house  and  companionship  of 
the  family. 

Following  the  torch  in  the  line  of  development  comos  the  lamp, 
which  incparated  from  the  stem  of  the  torch  at  a  period  when  oils  and 
fat  came  to  be  used.  This  may  have  occurred  (1)  as  a  concomitant 
of  migration  or  after  the  duo)e.stication  of  animals  whose  fat  was 
available;  (2)  at  the  time  of  the  dis<:overy  of  mineral  oil,  (3)  or 
of  the  utilization  of  vegetal  oils,  such  as  that  of  the  olive  and  the 
cocoa  nut. 

The  lamp  appears  to  have  arisen  at  a  {>eriod  after  migrations  into 
the  temperate  zones  had  brought  man  into  new  conditions.  The  prin- 
cipal of  these  was  the  longer  night,  and  joined  to  this  was  the  settle- 
ment in  comparatively  permanent  habitations.  In  this  view  the  fire 
stick  and  torch  were  the  es.sential  accompaniments  of  early  migration 
and  without  doubt  determined  the  spread  of  man  over  the  earth's 
surface. 

Since  the  torch,  from  its  perishable  character,  is  rarely  found  on 

ancient  sites,  there  is  little  to  be  said  as  to  its  archseologj'.     The  lamp, 

on  the  contrary,  being  a  higher  idea,  involves  work  in  stone,  pottery, 

bronze,  or  iron,  producing  objects  which  survive  burial  in  the  soUt 
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Di»coverieis  by  Frencli  an^ha'ulMf^ii^tM  have  tthuwn  that  the  lamp  waw  in 
use  at  the  elo»c  of  the  lacuHtrian  brunKe  age,  and  up  to  the  pi-csent 
time  tbe^e  are  the  moHt  ancient  objet^tti  which  have  been  found  that  are 
uuraifitakabl}'  lampo. 

It  would  »eem  that  the  lamp  with  a  wick  had  its  origin  at  a  culture 
plane  represented  by  that  of  the  bronze  age,  though  such  employment 
of  fire  might  have  been  prefigured  by  U8ages  in  the  age  of  polished 
stone.  Again,  the  latitude  and  consequent  difference  in  temperature 
of  stations  have  exerted  controlling  influence  on  the  character  of  the 
early  lamps  which  it  might  be  possible  to  employ.  Thus  climatic  con- 
ditions render  the  fuel  supply  of  the  lamp  solid  oi*  fluid  and  broadly 
determine  the  form  of  the  reservoir. 

It  is  almost  safe  to  say  that  the  higher  types  of  illuminating  appa- 
ratus would  not  have  developed  except  in  the  temperate  zone  or  the 
region  of  long  nights.  The  tallow  candle  is  a  device  of  cold  regions; 
the  same  may  l>e  affirmed  of  the  open  fat  lamp.  The  form  of  the  latter 
seems  to  depend  upon  the  character  of  itj^i  fuel  supply,  and  this  cause 
no  doubt  constantly  gives  rise  to  forms  of  extreme  primitiveness  in 
the  midst  of  a  high  civilization,  aside  from  those  descending  from  the 
primitive  type  and  retained  in  use  through  the  working  of  the  Urge 
body  of  survivals  of  custom  in  every  society. 

DEVELOPMENT  OF  THE   LAMP. 

The  series  might  have  grouped  at  the  beginning  devices  for  produc- 
ing a  temporary  light  and  those  undifferentiated  lamjM  of  skulls  and 
bones.  The  bodies  of  birds  and  6sb  burned  by  means  of  a  wick  also 
may  be  classed  with  the  lamps. 

TBUPORARY    LIGHT. 

1.  Oil  bag  from  which  oil  is  thrown  on  a  fire  to  produce  a  temporary 
light.  Kwakiutl  Indians,  British  Columbia.  Lighting  apparatus  of 
skulls  or  bones  suggestive  of  primitive  lamps. 

2.  Lamp.  Unworked  beach  stone  with  a  I'oncavity,  supplied  with 
oil  mid  having  the  wick  laid  along  one  edge.     Aleut  shell  heaps. 

3.  Lamp.  Hollowed  beach  stone  with  moss  wick  arranged  along 
one  edge.     Worked  stone  lamps.     Eskimo. 

i.  Lamp  of  pecten  shell  with  oil  and  wick  of  rush  pith.     Ainos, 
Japan.     Fusiis  shell  hanging  lamp.     Orkney  islands. 
o.  Lamp.     Ternicotta  .saucer,  China.     India,  etc. 

6.  Terracotta  saucer  with  edge  pinched  up  into  gutter  or  gutters  for 
wick.     Syriaand  India. 

7.  Lamp.  Ten-acotta.  Reservoir  almost  closed  over;  spout  for 
wick.  Lamps  of  pottery  with  reservoir  closed  over.  Lamps  of  bronze 
with  one  or  more  wick  spouts.     Koman. 
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8.  I^mpH  (if  iron  of  simple  shape  with  plain  open  or  irlosed  reservoir 
ami  with  spout,  and  often  having  dip  catchers  and  a  device  for  tipping 
to  allow  the  oil  to  reach  the  wick.  There  is  considerable  variety  of 
HUch  lamps,  whivh  were  aned  in  Europe  before  the  epoch-making  inven- 
tion of  Argand.  Being  ])roducts  of  the  blacksmith's  hammer,  they 
present  a  certain  crudity,  as  of  antiquity.  However,  there  is  no  rea- 
son to  doubt  that  they  are  the  survivals  of  the  forms  of  the  iron  age, 

It  may  be  interesting  to  briefly  pursue  the  line  of  the  lamp  into  the 
inventive  ^e. 


9.  Lamp  of  bratwwith  reservoir  mounted  on  rod  and  stand;  several 
curving  spouts.     Italian.     Development  from  the  Roman  lamp. 

10.  Lamp  of  brana  designed  to  furnish  heavy  oil  to  the  wick  under 
hydrostatic  pressure.     Flemish. 

11.  L«mp  with  chimney;  draft  to  flame  and  heavy  oil  under  gravity 
pressure.     Argand's  invention  and  French  inventors, 

12.  I^amp  with  chimney  and  Argand  burner;  heavy  oil  under  forced 
pressure  of  a  spring.     Devices  for  heating  heavy  oil.     France. 

13.  Lamp  of  glass  having  one  or  two  tubes;  for  burning  whale  oil. 

14.  Lamp  burning  "eamphene'"  by  means  of  wick  and  tubes  and 
without  chimney.     United  States. 

15.  Lamp  with  chimney;  ventilated  burner;  woven  wick  raising 
refined  petroleum  by  capillai-ity.  United  State's,  1870,  Developed 
burner  to  end  of  century. 

At  present  the  de.xtiny  of  illumination  is  in  the  hands  of  the  investi- 
gator and  inventor.  Who  knows  to  what  heights  their  efforto  will 
lead?  But  before  the  inventive  em,  before  Argand,  if  you  please,  the 
world  satisfied  ifc*  needs  for  light  with  the  immemorial  simple  lamp 
and  smoky  torch,  increasing  the  illumination  at  times  by  multiplying 
the  number  of  lights,  and  casting  over  scenes  of  splendor  the  fiare  of 
torches  little  removed  in  simplicity  from  those  of  prehistoric  man. 

It  may  be  a  wholesome  correction  of  our  pride  in  the  advance  of  a 
century'  to  reflect  that  most  of  the  human  race  is  still  in  the  uninvent- 
ive  period,  depending  for  light  on  torches  and  simple  saucer  lamps. 

The  epoch-making  invention  of  the  chimney  and  the  discovery  of 
boundless  hydroi-arlmns  in  the  earth  have  not  yet  reached  the  major- 
ity of  mankind,  while  the  eW-tric  light  casts  its  bright  rays  in  a  very 
small  area  of  immense  obwt^urity.  Still  there  is  progi-ess,  and  gi-ad- 
ually  tribes  from  their  lieginnings  unacquainted  with  more  than  the 
most  simple  illuminating  methods  are  seeking  more  light. 

It  is  interesting  to  note  in  this  connection  the  education  of  the  Hopi 
Indians  of  Arizona  in  the  use  of  artificial  illumination.  The  environ- 
ment of  tbe.se  Indians  is  semiarid,  and  there  is  such  scarcity  of  fuel  in 
their  isolated  country'  that  it  must  be  used  sparingly  for  cooking  and 
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only  as  a  luxury  for  illumination.  Hentw,  up  to  a  few  years  i^, 
avoi^tions  ceased  at  dark.  Four  years  ^o  the  writer,  while  encamp- 
ing at  Walpi,  noticed  only  a  solitary  light  at  night  id  the  pueblo. 
There  was  at  that  time  a  demand  for  candles.  Two  years  later  a  num- 
ber of  lights  shone  from  the  windows  of  the  village.  Lately  coal  oil 
has  become  known;  a  great  many  families  possess  the  luxury  of  a  coal- 
oil  lamp,  and  this  has  worked  a  great  change  in  the  habits  of  the  peo- 
ple.   This.seems  in  epitome  the  history  of  illumination. 
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ORDER  OF   DEVELOPMENT  OF  THE   PRIMAL   SHAPING 
ARTS." 

Bv  W.  H.  HOLMEK. 

Modern  science  htm  gone  far  Coward  establishing  the  pixiposition 
that  the  human  race,  like  the  variouH  other  groups  of  sentient  beings, 
is  the  product  of  evolutional  processes,  and  the  student  of  history  has 
added  the  corollary  that  human  culture  has  likewise  developed  through 
a  long  series  of  progressive  st^es  from  infinitesimal  germs  up  to  the 
present  complex  and  wonderful  conditions.  The  history  of  culture 
can  not,  therefore,  be  complete  until  the  court^e  of  its  development 
has  been  traced  back  to  the  remotest  beginnings.  The  phenomena  of 
art  are  the  tangible  representatives  of  human  progress  and  achieve- 
ment, and  upon  these  we  are  almost  wholly  dependent  for  an  insight 
into  the  initial  stages  of  history.  Furthermore,  there  is  a  shadowy 
interval  at  the  very  beginning  of  culture  history  unrepresented  by 
art  remains.  Into  this  space  we  seek  to  extend  our  vision  by  the  aid 
of  rays  borrowed  from  other  branches  of  science. 

Assuming  the  general  uniformity  of  nature's  genetic  processes,  we 
conclude  that  in  the  beginning  there  was  a  period  of  rudimentary  or 
instinctive  use  of  materials  during  which  our  race  carried  on  its  activi- 
ties much  as  the  bird  builds  her  nest  of  sticks  and  grass  and  the 
badger  burrows  a  home  in  the  ground.  But  the  time  must  have  come 
when  the  hand  of  this  creature,  man,  was  so  developed  and  his  brain 
so  matured  that  articles  supplied  by  nature,  such  as  sticks  and  stones, 
were  held  in  the  hand  for  throwing,  striking,  and  rubbing.  These 
things  became  implements,  multiplying  the  powers  of  the  band  and 
finally  giving  man  dominion  over  nature. 

The  first  stage  of  implement  using  would  consist  in  the  employment 
of  articles  furnished  by  nature.  The  second  stage  would  be  entered 
upon  when  the  things  used  began  Co  be  modified  in  shape  designedly 
to  increase  their  eflSciency.  The  passage  from  the  tirst  to  the  second 
stage  would  be  made  possible  by  unintentional  alterations  of  the 
primal  utensils  brought  about  through  use.  and  the  observation  of  the 
processes  of  modification  by  creatures  able  to  profit  by  these  observa- 
tions. This  stage  would  witness  the  lieginningof  those  manual  opera- 
tions to  which  we  give  the  name  "the  shaping  arts."  It  is  these  fii-st 
necessary  steps  in  art,  weak  and  hesitating  and  almost  infinitely  slow 
as  they  must  have  been,  that  more  than  any  others  demand  the  atten- 
tion of  the  student  of  history. 

■From  the  pRxe^linttH  of  the  Amerii'anAiwM-iation  tor  the  Advancement  III  Science, 
Vol.  XLII,  18M.  ■      , 
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There  is  little  prospect  of  socuring  exaniploK  of  the  earliest  products 
of  men's  hands,  as  they  were  proliablv  exeeiit<'d  hi  destructible  mate- 
rials and  have  long  since  disappean'd.  A8  soon,  however,  as  the 
shaping  operations  extended  to  stone,  permanent  records  were  made 
and  many  artifacts,  representing  all  stages  and  periods,  are  still  extant, 
forming  the  only  actual  evidence  of  the  early  struggles  and  wihieve- 
menttj  of  the  race.  Archwologists  are  engaged  in  collecting  these 
remains  and  arranging  them  according  to  the  plan  suggested  by  the 
general  scheme  of  evolution,  applying  the  result  to  the  elucidation  of 
human  history. 

Consideration  of  the  entire  body  of  phenomena  of  art  in  stone  is 
not  possible  in  the  present  study,  and  I  shall  conline  myself  to  a  small 
portion  of  the  tield^to  the  initial  stages. 

A  glance  at  the  accompanying  synopsis  will  convey  a  definite  notion 
of  the  relation  of  the  group  of  phenomena  here  to  be  considered  to  the 
whole  field  of  the  shaping  arts.  The»e  arts  may  be  divided  primarily 
into  manual  and  physical  groups.  The  first  include^i  all  those  things 
shaped  directly  by  the  human  hand,  aided  by  mechanical  appliances; 
the  second  includes  those  in  which  the  manual  operations  are  assisted 
by  physical  processes  or  agents,  such  as  heat,  acids,  and  electricity. 

The  manual  arts  employ  mainly  six  groups  of  processes,  to  which  I 
have  given  the  names  fracturing,  bruising,  abrading,  incising,  model- 
ing, and  constructing.  Four  of  these  groups — the  four  placed  first  in 
the  synopsis — are  concerned  in  our  studies  of  the  earliest  culture,  and 
pertain  to  the  shaping  of  .stone  in  its  elementary  utilization. 

OF  THE   SHAPINd   ARTS. 

(Splitting, 
.  Fractiirinn  ..Jbreakingi 

[flaking,  elc. 

{Battering, 
pecking,  etc. 
hushing, 
{Grinding, 
rubbing, 
polishing,  etc. 
(Cutting , 

4.  Incising jincising, 

[piercing,  etc. 


5.  Modeling  . 


(Molding. 
.  I  stamping, 
Ihainnieriiig,  eti 

(Building, 


fi.  ConBtructinp 

Wwing,  etc. 

II.  Heat  fracture. 
2.   I<',:t  pillion  fracture. 
:i.  F.tthiiig. 
4.   Klpi'tro-iiei«»"iting. 
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ORIGIN   OF   MANUAL    PROCESSBa 

Taking  the  evolutional  view  of  the  dcvelopiiient  of  man  mid  his  arts, 
WG  must  lirMt  turn  our  attention  toward  the  proliahlc  activities  of  the 
(creature  man  aa  he  issued  from  the  prehuman  stage  and  began  slowly 
to  make  use  of  the  objects  with  which  he  was  surrounded  for  imple- 
ments and  utensils.  By  the  utilization  of  stone  in  the  fonn  of  frag- 
ments, noduIcH,  and  Imwlders.  the  properties  of  that  material  would 
be  gradually  revealed  to  him,  and  in  time  four  processes  of  modifying 
its  shapes  would  inevitably  be  suggested  and  utilized.  Theweare  frac- 
turing, bruising,  abrading,  and  incising. 

FRACTUKINO    PRO(TE88Efl. 

The  fractunng  processes  are  placed  first  for  reasons  that  will  appear 
in  the  sequel.  As  known  to  us,  they  emploj-  two  groups  of  acts,  per- 
cussion, and  pressure.  The  iirst  of  these  implies  the  use  of  a  hard 
and  heavy  implement  with  which  the  stone  to  be  shaped  is  struck, 
producing  fracture;  the  second  implies  an  implement  of  at  lea.'^t  mod- 
erate hardness,  which  is  pressed  against  the  brittle  stone,  producing 
fracture.  These  necessary  acts — the  simple  manual  operations — are 
so  elemental  as  to  be  within  the  reach  of  man  in  a  very  low  st^e  of 
mental  and  physical  development.  The  first — ^pe.rcussion — probably 
the  only  act  employed  in  the  auroral  days,  demands  nothing  more  in 
the  way  of  skill  than  that  required  in  the  casting  or  striking  of  one 
stone  against  another,  or  that  required  in  the  cracking  of  a  skull  or  a 
nut.  In  the  operation  of  this  process  a  hard,  compact  hammer  of  stone 
or  other  suitable  material  having  a  convex  striking  surface  is  essential. 
The  second  process — pressure— is  less  primal,  requiring,  before  it  can 
be  operated  with  success,  a  specially  prepared  tool  of  hard  wood, 
bone,  or  other  compact  substance.  The  several  varieties  of  acts 
employed  in  fracturing  are  named,  according  to  the  nature  of  the 
particular  results  produced,  "breaking,"  "splitting,"  "flaking,"  and 
"chipping."  The  term  "flaking"  is  in  common  u.-4e  to  represent  the 
form-elaborating  operations  of  the  group.  The  material  shaped  must 
be  measurably  compact,  homogeneous,  and  brittle.  Such  stone  Ib 
widely  distributed  over  the  habitable  world. 

BBUIBINO   OK   BATTERING    PROCESSES. 

The  acts  employed  in  this  class  of  operations  are  wholly  or  in  the 
main  percussive,  the  impact  resulting  in  a  bruising  and  crumbling  of 
minute  portions  of  the  surface  of  the  stone.  The  hammer  employed 
must  be  hard  and  tough,  and  the  stone  shaped  must  be  sufficiently 
tough  to  practically  preclude  fracture  by  the  ordinary  blow.  The 
simple  act,  like  that  required  for  fracture,  is  quite  elemental  and 
within  the  reach  of  a  creature  of  low  organization.     No  specialized 
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tool  ia  neccHsaiy,  the  nwiilt  lusinff  reached  by  striking  one  Htorje 
itgain»t  another  of  proper  relative  durability.  The  seveml  m^ts  are 
known  as  '"batterinij,''  "hriiiHing,"  and  "pecking,"  the  la«t  term 
being  in  common  use  for  the  act  by  which  shaping  is  mastly  ac(«m- 
plished  by  primitive  peoples.  Materials  suitable  for  shaping  by  this 
procesw  are  plentiful  and  very  generally  distrilmted. 

ABRADINO    FRCHTR8AR8. 

Shaping  by  abrasion  in  its  most  elemental  form  results  from  the 
rubbing  of  one  object  against  another  with  such  force  a.-*  to  remove 
minute  particles  from  one  or  both.  The  operations  are  generally 
expressed  by  such  terms  as  "grinding,"  "rubbing,"  and  "polish- 
ing." All  stones  are  abradable,  and  most  .stones  can  bo  made  to  serve 
in  the  active  operations  of  abrading.  The  act  is  so  simple  that  it  may 
be  performed  by  any  creature  having  power  to  grasp  the  rubbing 
stone.  Its  employment  in  the  shaping  arts  was  undoubtedly  primal, 
although  it  may  be  hard  to  secure  tangible  evidence  on  this  point. 


The  incising  acts  are  also  simple  in  their  nature.  In  their  most 
elementary  form  they  are  practiced  by  all  ci'eatui'es  liaving  teeth  and 
nails.  In  art  they  include  the  shaping  of  materials  by  cutting,  pierc- 
ing, picking,  scraping,  etc.  They  imply  the  use  of  a  hard  edged  or 
pointed  toot  and  a  substance  to  be  shaped  somewhat  less  hard.  Though 
a  primal  art,  it  is  doubtful  whether  incising  was  applied  to  the  shap- 
ing of  stone  in  the  earliest  times.  This  appeal's  fixtm  the  permissible 
assumption  that  stone  soft  enough  to  be  cut  and  scraped  would  not  be 
required  in  the  simple  acts  of  food-getting  and  defense,  and  the  mak- 
ing of  vessels,  pipes,  ofnaments,  and  ceremonial  objects  did  not  form 
a  part  of  the  accomplishments  of  the  early  days. 

There  are  a  number  of  well-known  shaping  operations  that  combine 
one  or  more  of  these  processes,  or  that  pass  imperceptibly  from  one 
into  the  other.  Cutting  and  drilling  often  combine  the  bruising  with 
the  incisive  methods.  Sawing  may  be  done  with  an  abrading  edge  or 
with  seiTations  that  incise.  Boring  is  likewise  accomplished  either  by 
cutting  or  by  abrading  points  and  edges. 

From  this  brief  analysis  of  the  four  simple  primal  shaping  acts,  and 
a  consideration  of  their  relations  to  the  mental  and  physical  powers  of 
auroral  man,  as  well  as  to  the  available  materials  of  his  enviiDument, 
I  believe  it  inipitictiaiblc  to  i-each  any  conclusion  as  to  wliich  of  these 
acts  would  first  l>e  <«)nsciously  employed  and  intelligently  and  generally 
utilised  in  shaping  stone.  But  there  are  other  criteria  which  may 
assist  us  in  the  attempt  to  place  them  in  their  pmpcr  sequence  and 
I'clations  to  cultui'o  progress. 
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ORDEK  OF  ABT8  DEPENDENT  ON  MEN's  NEEDS. 

A  atudy  of  tho  elemeDtel  shapin^r  act^  does  not,  aid  iis  in  determin- 
ing what  particiilai'  ai't  would  take  precedence  or  what  variety  of  art 
product  ought  to  characterize  the  earliest  period;^  of  human  history. 
If,  however,  as  appears  to  he  the  i^ase,  the  four  shaping  processes 
were  equally  within  the  reach  of  man  when  art  began,  it  does  not  nec- 
essarily follow  that  all  would  come  into  general  use  at  or  even  near  the 
same  time  or  ^tage  of  advancement.  It  is  not  the  simplicity  or  dis- 
coverability of  a  shaping  process  that  decides  the  order  of  its  adop- 
tion. The  question  is  rather  as  to  whether  or  not  it  is  better  suited 
than  any  other  process  for  supplying  human  wants.  The  simplest 
process  possible,  though  in  operation  Irefore  man's  eyes  from  the 
beginning  to  the  end  of  his  career,  would  never  come  into  use  did  it 
not  subserve  the  requirements  of  his  existence.  The  assei-tion  may  be 
safely  made,  thei-efore,  that,  capacity  and  environment  being  uniform, 
the  shaping  process  that  would  directly  supply  a  permanent  or  fre- 
quently recurring  need  not  otherwise  suppHnd  would  be  the  first  proc- 
ess generally  utilized. 

A  study  of  human  needs  in  the  auroi-al  days  may  assist  in  throwing 
light  upon  the  order  of  succession  and  course  of  development  prob- 
ably taken  by  the  implement-producing  arts.  Let  us  inquire  what 
devices  would  naturally  be  called  for  in  supplying  primal  needs;  first 
the  need  of  food,  second  the  needs  of  defense  and  offense,  third  the 
needs  of  shelter  and  clothing,  fourth  the  needs  of  transportation.  The 
need  of  food  is  a  first  and  ever  present  incentive  to  activity,  and  in 
early  periods  man's  ingenuity  must  have  been  constantly  exemsed  in 
securing  a  sufficient  and  permanent  supply.  Food  getting  would  lead 
to  the  development  of  varied  activities,  and  call  into  use  all  available 
manual  aids.  It  would  certainly  in  time  lead  to  the  multiplication  and 
specialization  of  utensils,  thus  opening  the  way  for  progi-ess  in  the 
shaping  arts  and  the  evolution  of  culture. 

It  is  necessary,  then,  to  inquire  as  to  the  probable  nature  of  the 
artiticial  devices  that  food  getting  and  preparing  would  call  into  exist- 
ence. The  devices  employed  would  depend  on  the  nature  of  the 
food  resources  available  to  primitive  man.  The  question  is  compli- 
cated by  the  fact  that  environment  is  far  from  uniform,  and  that  the 
food  resources  vary  with  the  habitut.  Yet,  considering  general  con- 
ditions only,  we  are  able  to  reach  measurably  satisfactoiT  results. 
Whatsoever  man's  habitat,  his  food  i-esources  were  limited  to  the  prod- 
ucts of  animal  and  vegetable  life,  or  to  both  combined,  and,  so  far  as 
the  use  of  stone  is  concerned  in  dealing  with  these  substances,  it  is  safe 
to  say  that  two  classes  of  implements  and  only  two  would  be  in 
constant  demand.  Fii-st,  i-oundish  or  blunt  stones  would  be  needed 
for  throwing,  striking,  crushing,  breaking,  grinding,  etc.;   second. 
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sharp  or  incisive  stones  would  be  demanded  for  cutting,  piercing, 
diggmg.  scraping,  and  the  like.  The  same  statement  may  l>e  made 
with  respect  to  the  stone  tools  applicable  to  purposes  of  defense  and 
offense,  and  available  in  activities  pertaining  to  shelter,  clothing,  and 
transportation. 

These  two  genei-al  classes  of  stone  ioiplementtj  fultilled,  so  far  as 
stone  could  fulfill  them,  all  the  requirements  of  man's  existence  In 
primal  days;  and  if  the  question  were  limited  to  that  of  the  i-elative 
nee4  of  blunt  and  sharp  stones  in  the  pi-actice  of  the  arts,  we  should 
be  compelled  to  say  that  no  distinction  could  be  made,  that  one  class 
could  not  claim  precedence  over  the  other  in  usefulness  or  in  period 
of  utilization. 

A  (JUESTION  OF  aurPLYINO  WANTS  NOT  OTilEUWISE  SlIPPr.IF.n. 

But  it  should  l>o  most  carefully  noted  that  the  question  is  not  one  as 
to  the  comparative  usefulnes.s  of  these  forms  of  implements,  or  oven 
of  the  period  of  their  adoption,  l)ut  of  their  pi-oduction  as  works  of 
art.  Which  form  would  man  first  be  induced  to  shape  for  himself, 
thus  adding  a  group  of  artificial  utensils  to  his  simple  list  of  adapted 
appliances?  If,  as  seems  to  >>e  the  case,  both  classes  of  tools,  the 
blunt  and  the  sharp,  are  equally  essential  to  man,  the  question  becomes 
one  of  natural  supply.  If  nature  furnished  all  that  was  ret]uired  in 
the  way  of  tools,  art  would  not  l>e  called  on  to  produce  them.  If 
nature  supplied  one  class  meagerly  and  the  other  abundantly,  the 
meager  <;lass  would  be  added  to  by  artificial  means.  Now  if  we  review 
the  various  regions  of  the  world  that  could  have  served  as  the  abiding 
place  of  auroral  man,  we  find  that  the  rounded  stone — the  bi-eaking, 
bruising,  grinding  stone — is  nearly  everywhere  more  readily  obtain- 
able than  the  cutting,  piercing  stone.  The  former,  lieing  ready  at 
hand,  wonld  be  at  first  most  freely  utilized  and  for  a  long  time  util- 
ized in  the  natural  state,  while  the  latter,  being  also  known  and  used, 
yet  comparatively  rai-e,  would  be  artificially  produced  as  soon  as  the 
cajMcity  to  do  so  was  developed. 

The  artificial  sharp  stone,  the  intentionally  shaped  sharp  stone, 
would  thus  naturally  have  precedence  as  an  art  form  over  the  intention- 
ally shaped  rounded  stone,  it  would  probably  be  the  fir.st  represen- 
tative of  the  shaping  art  in  stone  to  come  into  general  use.  But  there 
arc  other  points  to  l:>e  considered. 

OI'KKATION'  OF  THE  PKIMAT.  SHAPINO  ACTS. 

Ini-ijufut  xtaiji-K. — We  must  now  look  more  fully  into  the  operation 
of  the  four  elementary  stone-slmping  acts— into  the  Iwginnings  of  the 
arts  to  which  they  give  rise.  It  is  imjxtrtunt  to  note  that  the  act,  the 
ej*sential  element  of  the  pi-ocess,  is  not  necessarily  an  index  of  the 
simplicity  or  ease  of  its  utilization.     Th<i  ease  of  the  first  step  in  a  long 
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and  tortuous  pathway  does  not  determine  the  ease  of  the  journey. 
The  eawe  of  the  first  shaping  act  does  not  determine  the  eafsc  of  opera- 
tint;  it  in  such  a  way  as  to  produce  a  desired  and  final  result.  Wo 
observe  that  in  art  a  desired  and  definite  result  may  be  obtained  by  a 
single  shaping  act,  or  that  a  succession  of  actH  may  be  required.  It  is 
also  clear  that  the  acts  may  increase  in  difficulty  as  the  operations  pro- 
ceed. The  intelligence  that  directs  a  first  act  to  secure  a  definite  and 
immediate  result  may  not  be  equal  to  the  task  of  directing  a  series  of 
acts,  howsoever  simple,  aiming  at  a  remote  result.  In  general  it  may 
be  said  that  a  single-act  result  would  be  the  first  designed  result  reached 
and  lepeattid  in  the  shaping  arts.  A  two-act  result  would  follow, 
and  would  precede  those  that  depend  upon  ten,  twenty,  a  hundred, 
or  a  thousand  acts.  Let  us  examine  the  four  primal  stone-shaping 
processes,  fracturing,  bruising,  rubbing,  and  cutting,  with  respect  to 
this  point.  What  is  each  capable  of  accomplLshing  under  the  simple, 
elementary  conditions  that  must  be  assumed  for  the,incipient  days  of 
mind  and  art?  Of  the  four  processes,  that  which  produced  an  imme- 
diate, palpable,  available  result  would  be  first  utilized.  The  fracturing 
act,  the  blow  upon  a  brittle  stone,  would  beyond  all  dispute  be  that 
process.  Such  a  blow  produces  at  once  one,  possibly  two,  keen-edged 
tools  having  forms  admirably  suited  to  the  common  and  ever-present 
need.s  of  the  man  who  must  rend  fiesh.  dress  skins,  cut  wood  and 
bone, 'and  dig  roots. 

On  the  other  hand,  the  bruising  blow,  the  shaping  act  by  means  of 
which  tough  stones  are  shaped,  produces  an  almost  imperceptible  effect 
on  the  stone  struck;  there  is  no  suggestion  of  a  useful  result — a  result 
that  could  add  to  the  availability  of  ordinary  natural  forms.  The 
nearest  useful  result  is  far  away  and  obscure,  and  withal,  even  when 
reached,  not  measurably  superior  to  the  forms  freely  furnished  by 
nature.  The  dullest  mind  would  be  able  to  understand  and  utilize  the 
simple  fracturing  act,  but  would  hardly  grasp  the  nature  and  possible 
results  of  a  pi-ocess  so  obscure  as  that  of  bruising  or  pecking  a  piece 
of  rock  into  definite  and  unaccustomed  shape.  This  is  well  illustrated 
by  the  almost  total  failure  on  the  part  of  students  of  archseology  to 
undei-stand  the  operation  of  the  pecking  proces-s  in  its  details  until 
elucidated  by  recent  experiments  of  Mr.  J.  D.  McGuire.  The  cul- 
tural interval  between  the  geneial  practice  of  the  two  pi'ocesses^ 
flaking  and  pecking— would  cover,  in  all  probability,  a  considerable 
period  of  progress. 

Mii7v  advanced  utages. — The  opei-ation  of  the  shaping  processes  may 
be  still  more  fully  analyzed  and  surveyed  with  relation  to  actual  known 
implements.  The  brittle  stone  to  be  more  than  simply  fractured  must 
be  held  in  the  hand  and  struck  with  another  stone.  The  .stone  to  be 
bruised  into  shape  must  also  he  held  in  the  hand  and  struck  with 
another  stone.     The  positions  may  l)e  the  same,  the  shapes  the  same, 
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and  the  a<!t  the  same.  The  hrittle  8tone  is  struck  and  in  l>roken,  pro- 
ducing perhapH  a  euttiii^r  <>r  piercing  (ool.  A  necond  Ulow  produf«s 
a  tteconi  tnol,  and  also  inoditie8  the  shape  of  the  stone  held  in  the 
band.  A  two-blow  tool  has  thus  been  made  in  shaping  one-blow  tools. 
By  the  time  ten  tools  or  flakes  hiive  been  made  the  portion  beld  in  the 
hand  has  been  shaped  by  ten  blows  not  directed  to  its  own  development, 
but  shaping  it  adventitiously  as  a  nucleus  or  core.  The  results  are  so 
well  detined  and  tangible  that  they  could  not  escape  observation,  and 
further  experiment  would  be  encouraged.  Skill  to  accomplish  -soon 
follows  where  wants  direct  the  effort,  and  tangible  results  are  at  once 
attained.  From  the  initial  steps  of  intentional  flaking  the  way  would 
be  always  open  to  the  achievement  of  higher  and  higher  results. 
Advancement  could  not,  however,  be  rapid;  wants  had  to  develop, 
conceptions  ripen,  skill  increase,  and  methods  differentiate  by  inffnitesi- 
mal  increments,  and  the  highly  specialized  flaked  implement  is  pos- 
sibly as  far  away  from  the  first  designed  stroke  in  flaking  stone  as  the 
printing  press  is  from  the  well  specialized  flaked  implement  of  aavage 
days. 

On  the  other  hand,  again,  the  hard,  tough  stone  fittexl  for  elabora- 
tion by  pecking  is  struck  by  the  hammer  stone,  and  the  only  result  is 
a  slight  crumbling  of  the  surface — a  little  white  dust.  There  is  no  aug- 
gestiveness,  no  recognizable  step  of  progress  in  this  result,  and  even 
if  a  hundred  blows  were  struck,  no  measui-able  progress  would  be  made 
toward  any  tangible  result,  for  a  definite  conception  must  be  in  the 
mind  and  a  clear  notion  of  how  to  realize  it  as  well  before  such  result 
would  be  possible.  So  far,  then,  as  the  pecking  process  of  itself  is 
concerned,  it  stands  little  chance  of  primal  utilization  as  compared  with 
the  flaking  process. 

But  is  it  possible  that  a  suggestion  of  the  utilization  of  pecking 
could  come  from  outside  sources,  from  practice  of  the  simple  opera- 
tions of  food  preparation  'i  In  ci-acking  nuts  or  pounding  seeds  (for 
these  must  have  been  among  the  primal  activities),  the  »tones  employed 
would  through  wear  finally  exhibit  slight  concavities.  The  stones 
used  in  the  hand  would  also  be  modified  in  shape  by  striking  and  rub- 
bing. Could  such  suggestions  possibly  give  rise  to  the  independent 
use  of  these  operations  in  shaping  implements  of  stone?  It  is  not 
quite  clear  that  the  shaping  aecomplished  in  the  mere  routine  of  use 
would  suggest  to  the  very  simple  mind  the  idea  of  .shaping  in  the 
abstract,  for  the  shaping  in  use  was  adventitious  and  not  necessarily 
observed.  It  seems  likely  that  man  would  go  on  indefinitely  using 
what  nature  and  adventition  supplied  unless  there  was  some  positive 
suggestiveness  in  the  results  at^compHshed  or  some  very  exceptional 
exercise  of  forethought.  Certainly  the  tedious  pounding  and  abrading 
processes  blindly  operated  in  food  preparation  would,  in  primal  days, 
stand  little  chance  of  Iming  applied  to  the  shaping  of  tools  and  utensils 
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of  spet-ialized  shapes  and  \ues.  and  especially  to  the  production  of 
implements  with  Hharp  points  or  cutting  edfjes. 

The  natural  tendency  of  the  pecking  blow  in  to  blunt  aad  destroy 
all  edgen,  and  the  process  would  have  to  be  diverted  from  it*i  natural 
ehannel^  by  strong  forces  to  make  it  produce  anything  like  an  edged 
tool;  the  conception  of  such  a  use  would  have  to  be  acquired  by  famili- 
arity with  edged  tools  of  other  classes  and  materials.  The  celt,  gouge, 
and  grooved  ax  are  the  principal  implements  made  by  pecking  and 
grinding  in  tronimon  use  DUiong  savage  peoples.  These  can  not  be 
primal  forma,  as  they  represent  ripened  conceptions,  specialized  tech- 
nique, skillful  manipulation,  and  highly  difTerentiatcd  uses  and  methods 
of  employment.  They  are  practically  without  aucestrj-  in  their  own 
line.  Altogether  there  seems  to  be  little  or  no  art  produced  by  the 
pecking  and  grinding  processes  that  could  be  safely  aligned  to  primal 
times,  save  such  adventitious  sliaping  as  comes  from  use.  An  examina- 
tion of  pecked  tools  reveals  the  fact  that  in  very  many  cases  the  process 
supplements  that  of  flaking,  and  it  is  not  Impossible  that  it  was  first 
brought  into  notice  and  uae  as  a  means  of  getting  rid  of  irregularities 
and  excrescences  commonly  resulting  from  imperfect  fracture.  Peck- 
ing would  inevitably  \>e  suggested  in  the  pi-ogress  of  flaking  operations, 
first,  by  the  effect  on  the  hammer  stone,  which  is  modified  and  special- 
ized by  repeated  contact  with  the  stone  flaked;  set»nd,  by  repeated 
efforts  to  remove  flakes  where  the  stone  happens  to  l>c  especially 
refractory.  The  repeated  blows  bruise  the  stone,  modifying  its  shape, 
and  su^esting  the  possibility  of  shaping  by  this  means.  The  abrad- 
ing processes  might  also  be  suggested  in  similar  ways,  and  especially 
by  tiie  use  of  flaked  tools  in  operations  which  modified  and  polished 
their  edges. 

Both  the  pecking  and  rubbing  processes  are  especially  adapted  to 
elaboration  and  finish,  and  are  poorly  qualified  to  deal  with  shapes  not 
already  approximate.  They  did  not  attain  their  highest  usefulness 
until  .<4Uperstition  and  testhetics  became  factors  in  art,  encouraging 
elaboration  of  form  and  delicacy  of  finish. 

The  accompanying  diagram  expresses  in  the  most  general  way  my 
conceptions  of  the  probable  relationships  of  the  four  shaping  pro- 
cesses to  the  stages  of  culture  progress.  The  accumulation  of  addi- 
tional data  will  in  time  enable  us  to  express  these  relations  more  fully 
and  with  more  certainty,  but  the  ta.sk  is  beset  with  difficulties,  for  the 
reason,  mainly,  that  the  origin  and  progress  of  these  arts  are  not  uni- 
form among  all  peoples.  The  genetic  columns  can  at  best  but  express 
generali stations,  and  are  largely  hypothetical. 

The  column  representing  the  development  of  fracturing  arts,  so  far 
as  it  relates  to  the  earliest  times,  is  based  on  the  observations  and 
inferences  already  presented.  The  flaking  ac^t  was  a  primal  act,  and 
the  dotted  line  descending  into  the  pfe-buman  st^e  indicates  this.     On 
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crossing  the  line — or  soon  after  crossing  the  line — sopiiratin^  the  pre- 
human from  the  lowest  art  stage,  I  assume  that  the  act  was  first  utilized 
in  the  art  sense,  and  that  pn^ross  began.  Being  a  simple  act.  and 
constituting,  as  operated  in  fracturing  stone,  a  simple  process  giving 
immediate,  tangible,  and  available  results,  I  conceive  that  its  use  would 
increase  rapidly  through  early  sav^e  times,  dominating  the  other 
stone -ijhaping  processes  of  that  period  and  culminating  in  late  llavl^rc 
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times.  The  employment  of  the  ^roup  of  processes  developed  from 
thp,  simple  fracturing  act  proliably  decreased  to  a  considerable  extent 
in  barbarian  times  as  other  processes  came  into  prominence,  but  it  has 
continued  in  active  use.  e.specially  in  quarrying  and  roughing  out 
stone,  for  all  classes  of  works,  architectural,  sculptural,  and  miscella- 
neous, up  to  the  present  day. 

The  .second  column  is  intended  to  indicate  the  development  of  the 
arts  which  shape  stone  by  bruising  and  crumbling  its  surface.     I  have 
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already  explained  why  the  process  in  itn  siniplctit  form  may  l)e  tonsid- 
erod  primal,  mt  having  it»  origin  in  the  pi-c-human  stage  of  man's 
history. 

It«  use  in  shaping  mu-st  have  heen  suggested  to  man  at  a  very  early 
stHge  of  art  development,  and  the  litieN  of  the  diagram  ai'e  allowed  to 
cxi>aiid  gradually  throughout  the  savage  stages  of  progress.  Observ- 
ing the  olwcurity  of  the  effects  of  the  bruising  act,  the  long  series  of 
operations  necessary  in  producing  the  simplest  art  form  known,  and 
the  comparative  rarity  of  pecked  implements  that  would  titiy  eharac- 
terize  the  beginning  stages  of  culture,  the  column  has  been  made  to 
expand  very  slowly  at  first,  widening  rapidly  in  barbarian  times,  dur- 
ing which  pecked  stone  seems  to  have  taken  the  lead  among  many 
peoples  as  a  shaping  process.  The  pro<'ess  in  its  purity  appcArs  to 
have  fallen  somewhat  into  disuse  in  civilized  and  enlightened  times, 
the  acquirement  of  hard  metal  tools  having  given  incisive  methods  » 
very  decided  advant^e.  The  fact  is,  however,  that  the  shaping  of 
hard  stone  by  means  of  metal  chisels  partakes  of  the  nature  of  a  com- 
promise Itetween  the  cutting  and  bruising  processes. 

The  germ  of  the  incising  arts  must  have  come  up  with  man  from  the 
state  of  nature  as  distinguished  from  the  state  of  art  as  expressed  in 
the  third  column;  but  the  development  would  be  slow,  on  account, 
first,  of  the  absence  of  hard  cutting  tools,  and,  second,  the  absence 
of  stone  that  could  be  cut  with  ease  into  useful  forms.  An  expanding 
is  indicated  in  late  savage  times,  during  which  it  is  assumed  that  peoples 
began  to  use  soft  stones  for  vessels,  ornaments,  and  ceremonial  articles. 
The  fac't  that  the  soft  stones  had,  as  a  rule,  to  be  quarried,  probably 
retarded  the  development  of  this  process.  Again,  when  hard  metals 
came  into  common  use  in  late  barbarian  times  and  in  early  civilization 
stone  cutting  took  a  prominent  place  in  the  arts,  and  has  never  since 
yielded  its  ground. 

The  history  of  the  abrading  processes  is  a  very  interesting  one,  but 
as  indicated  in  the  digram  there  have  been  few  viscisitudes  in  their 
progress.     Beginning  near  the  threshold  of  art,  they  advanced  but 
slowly,  serving  mainly  as  an  auxiliary  to  the  other  processes,  being  ■ 
devoted  especially  to  finish  and  beautificution. 

INFLUENCE   OF   ENVIRONMENT. 

In  discussing  a  scheme  of  evolution  foi'  the  shaping  arts,  I  have 
assumed  what  I  conceive  to  be  average  conditions  of  environment; 
that  is  to  say,  an  environment  where  all  ordinary  materials  are  present 
and  available  in  like  proportions.  It  is  apparent,  however,  that  deter- 
minations based  on  such  an  assumption,  even  if  correctly  made  out, 
may  not  agree  with  the  at^tual  order  in  the  eai'liest  development  of  art. 
The  envii-onment  of  the  first  group  of  men  may  have  contained  all  the 
ordinary  elements  of  stone  art,  or  it  may  have  Ireen  without  one  or 
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more  of  these  elements.  If  it  did  not  contain  varieties  of  stone  suit- 
able to  each  process,  then  there  would  be  a  disagreement  between  the 
ideal  order  sua  here  worked  out  and  the  rea)  order. 

But  the  race  may  have  been  scattered  over  a  wide  region  at  the 
period  of  the  birth  of  art,  sepamte  groups  having  distinct  ranges  of 
minei-al  resources.  Great  diversity  of  art  conditions  would  thus 
result.  The  group  deprived  of  brittle  stone  would  develop  its  lithtc 
art— no  doubt  very  slowly — through  the  bruising,  grinding,  and  cutting 
process,  and  flaked  objects  would  )>e  practically  unknown.  The  gmup 
having  only  brittle  stone  would  have  but  meager  traces  of  pecking 
and  cutting  operations,  and  flaked  art  would  have  full  sway.  To 
cover  the  ground  fully,  a  separate  culture  chart  would  have  to  he  con- 
structed for  each  group  of  i.'wiated  peoples,  for  the  flaked-stonc  age  of 
one  would  occupy  the  position  on  the  chronologic  scale  required  for 
the  pecked-stone  period  of  the  other.  But  the  lines  between  mineral 
regions  are  not  usually  hai-d  lines,  and  communities  of  men.  howso- 
ever primitive,  are  not  fixed  in  habitat.  Arts  change  with  change  of 
place  and  consequent  change  of  environment;  and,  taking  the  sum 
total  of  Ihe  conditions  under  which  a  lai^e  number  of  groups  of  men 
would  live,  the  mean  result  must,  it  seems  to  me.  wrrespond  some- 
what closely  to  that  expressed  in  the  digram,  which  makes  the  four 
primal  shaping  activities  synchronous  in  origin  but  indicates  different 
rates  of  development. 

Although  expressing  the  view  that  the  exclusive  use  of  a  single 
shaping  process  or  a  group  of  such  processes  for  a  long  period  seems 
improbable,  1  do  not  wish  to  antagonize  the  idea  of  a  flaked-stone 
period  in  western  Europe.  My  diagram  allows  for  such  a  period,  cov- 
ering the  space  from  A  to  B,  That  such  a  period  should  exist,  even  in 
approximate  purity,  however,  until  the  highest  flaked  forms  were 
developed,  as  to  C,  and  until  a  graphic  art  equal  to  the  realistic  deline- 
ation of  men  and  animals  on  bone  and  ivory,  .say  to  D  in  the  incising 
column,  should  exist  and  flourish,  is,  in  view  of  the  considerations 
brought  forward  in  this  paper,  not  within  the  range  of  probability. 

CONCLUSION. 

This  brief  study  can  not  assume  to  be  more  than  an  outline  of  the 
general  subject.  Prolonged  investigation  is  essential  to  the  comple- 
tion of  such  a  work.  I  have  sought  means  of  approaching  and  exam- 
ining tliat  part  of  primeval  history  not  within  the  ordinary  scope  of 
research.  Through  an  analysis  of  the  elementary  shaping  processes — 
the  agencies  hy  mejins  of  which  man  gained  his  sway  over  nature — I 
have  undei"taken  to  determine  the  oi'der  in  which  these  operations 
would  prolmbly  originate  and  develop,  and  thus  to  place  the  varied 
art  products  to  which  they  give  rise  in  their  proper  relations  with  one 
another  and  with  the  successive  stages  of  unwritten  history. 
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Such  studies  can  not  add  greatly  to  our  actual  knowledge  of  events, 
altbough  they  may  serve  a  good  purpose  in  confirming  or  disci-editing 
conclusions  reached  by  other  means,  but  they  will  materially  assist  in 
preparing  the  way  for  an  intelligent  consideration  of  those  meager 
shreds  of  history  that  extend,  like  the  edge  of  a  frayed  garment, 
back  into  the  realms  of  the  unknown. 

The  present  study  suggests  the  need  of  conservatism  in  interpreting 
the  scattered  records  available  to  prehistoric  archteology.  Where  the 
conditions  under  which  men  have  lived  are  so  varied,  there  must  needs 
be  great  diversity  in  art  achievement,  and  the  order  of  the  steps  of 
human  progress  esbibltshed  in  one  region  can  not  he  applied  with 
safety  to  another  or  to  all,  notwithstanding  strong  tendencies  toward 
uniformity.  Regional  art  groups  must  be  examined  primarily  in  (he 
light  of  local  conditions,  and  general  results  are  to  be  reached  by  a 
compamtive  study  of  these  special  results.  The  actual  order  of  pro- 
gress of  the  race  in  the  primal  stages  can  never  be  absolutely  known; 
and  thus  it  is  that  hypothesis  is  called  upon  to  supply  an  order  of  events 
consistent  with  what  is  known  of  the  laws  of  life  and  art 
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BOOMERANGS.' 


By  Gilbert  T.  Walker. 


Boomerangs  may  be  studied  for  their  trnthropologiml  interest  as 
examples  of  primitive  art"  or  for  the  manner  in  which  they  illustrate 
dynamk-al  principles.'  But  there  is  extraoi-dinary  fascination  in  mak- 
ing and  throwing  them,  and  in  watching  the  remarkable  and  always 
graceful  curves  described  in  their  flight.  Accordingly,  my  chief  object 
in  the  following  paper  has  been  to  diminish  the  practical  di£Sculties 
of  the  subject  by  giving  some  of  the  results  of  ten  years'  experimental 
acquaintance  with  it. 

The  Aiwtralian  weapons  vary  enormously  in  shape  and  size,  while 
the  skill  of  the  natives  in  throwing  them  is  great  in  some  districts  and 
very  small  in  others.  The  marvelous  flights  that  were  described  by 
former  ti-avelei-s  are  but  rarely  seen  to-day,  and  although  it  is  unde- 
niable that  many  a  native  can  make  a  boomerang  go  80  meters  away 
before  returning  to  his  feet,  I  know  of  only  one  trustworthy  account 
of  a  much  more  sen.sational  throw."  In  this  the  boomerang  de-scribed 
five  circles  in  the  air,  traveling  to  a  distance  of  about  90  meters  from 
the  thrower  and  rising  to  a  height  of  45  meters. 

For  present  purposes  it  will  be  convenient  to  consider  two  types  of 
implements.  The  first  (fig.  1)  is  about  80  cm.  in  length,  measured 
along  the  curve,  is  bent  (at  B)  almost  to  a  right  angle,  and  has  the 
cross  section  shown  in  fig.  2.  It  is  about  6.5  cm,  wide  and  1  cm.  thick 
in  the  center  at  B,  and  the  dimensions  of  the  cross  section  diminish 
slightly  toward  the  ends  A  and  C.  The  weight  is  alwut  230  grains. 
The  arms  are  twisted  from  the  plane  ABC  after  the  manner  of  the 

■  Keprioled  from  Nature,  No.  1657,  lol.  64,  Auku>^  1,  IMI,  in  which  appear  the 
folloning  nol«:  "This  paper  iB  here  publishe<l  by  permission  of  the  editore  of  the 
Ph}'»ika1ieche  Z«itj^hi-ift,  for  which  it  was  ori^tially  written.  A  German  transta- 
tion  has  appeared  in  that  journal,  and  from  ilspiibliaherBlhcaci-ompanyinK  illuetra- 
tiona  have  l>een  obtained.  " 

^The  Native Tril«?H  of  Central  Aiixtralia,  by  B.  Spencer  and  F.  J.  Gillen  (1899), 
ch.  lis. 

"E.  O.  Erdmann,  Ann.  d.  PyhB.  n.  C'hemie.  Vol.  CXXXVII,  p,  I  (1R69);  E. 
Uerlath,  Zeitschr.  li.  D.  Vereins  x.  F.ird.  d.  I-utL-chifffahrt,  Heft  3  (1886);  (J.  T. 
Walker,  London,  Phil.  Trans,,  Vol.  CXC.  p.  2:1  (1897). 

'  Mr,  A.  \V.  HowitI,  Nature.  July  20,  1876. 
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saiis  of  a  windmill,  being  rotHted  through  2^  or  3°  in  the  direction 
of  a  right-handed  screw  alwiit  the  lines  B  A,  B  C,  at)  axes.     This 


deviation  from  the  plane  is  subsequently  referred  to  as  the  "  twist," 
and  the  peculiarity  that,  as  iseen  in  the  crose  section  of  tig.  2,  one 
face  is  more  rounded  than  the  other,  is  called  the  '^rounding." 

Boomerangs  of  the  sec- 
ond type  (6g.  3)  are  about 
70  cm.  long  and  7  cm.  wide, 
and  have  a  cross  section 
similar  to  that  of  lig.  2. 
The  "twist""  is  in  the  op- 
p,g  ^  posite  direction,  involving 

a   left-handed   rotation  of 
about  3"^.     The  axes  of  rotation  are  now  D  E,  F  E  instead  of  E  D,  E  F. 

RETURMINU    FLIGHTS. 

An  implement  of  the  firrt  type  is  held  with  the  more  rounded  side  to 
the  left  and  the  concave  edge  forward.  It  is  thrown,  with  plane  vertical, 
in  a  horizontal  direction,  and  as  much  rotation  as  possible  is  given  to  it. 
The  plane  of  rotation  does  not  remain 
parallel  to  its  original  direction,  but  has 
an  angidar  velocity  (1)  al>out  the  direc- 
tion of  translation,  and  (2)  al>out  a  line 
in  its  plane  perpendicular  to  this. 

The  effect  of  (2)  is  that  the  path  curls 
to  the  left,  while  owing  to  (1)  the  plane 
of  rotation  inclines  over  to  the  right 
(i.  e.,  rotates  in  the  direction  of  the 
hands  of  a.  clock  facing  the  thrower),  and 
its  inclination  to  the  vertical  becomes 

comparable  with  30^  in  two  seconds.  The  angular  velocity  (2)  will 
now  imply  that  the  path  bends  upward  as  well  as  horizontally  round 
to  the  left. 

When  the  boomerang  has  described  a  nearly  complete  circle  its  pace 
has  diminished,  and  it  falls  to  the  ground  near  the  thrower.  (See 
figs.4, 6,  in  which  projections  on  a  horizontal  and  on  a  vertical  plane  are 
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given.     The  direction  of  the  Hxm  of  rotation  is  indicated  by  (giving  the 
projectiontt  of  a  line  of  constant  length  measured  along  it.     The  svale 
of  theiie  diagrams  is  about  1 :  1000.) 
The  angular  velocity   (1)   is   in- 
creased by  an  i  ncrease  of  tw  ist  and  bj- 
an  increase  of  rounding;  it  altso  in- 
creases when  cos  ff  increases,  where  (f 
is  the  inclination  of  the  plane  of  rota- 
tion to  the  horizontal.     The  curling  to  the  left  (2)  is  increased  by  an 
increase  of  twist,  or  of  cos  ff,  and.  in  general,  by  an  increase  of  rounding. 


Fio.  E.— ElFVBtion  (hmuKh  C 


yi«.  6.— flan. 


valinn  Ihmugh  C  E. 


If  it  be  desired  that  the  boomerang  should  dcm'ribe  a  second  circle 
in  front  of  the  thrower  (figs.  6,  7),  it  must  be  thrown  much  harder,  so 
that  when  one  circle  has  been  deM'rihed 
it  may  still  have  sufficient  forward 
velocity.  When  the  projectile  has 
described  the  first  circle  and  is  over 
the  thrower's  head,  the  axiM  of  rotation 
must  point  in  an  upward  direction  in 
frontofhim:  if  it  pointed  behind  him 
the  subsequent  path  would  be  behind 
his  back,  and  a  figure  of  8  (figs.  8,  W) 
would  become  possible.  For  a  path 
with  a  second  loop  in  front  of  the 
thrower  he  should  accordingly  choose  a  boomerang  with  much  twist 
and  much  rounding,  and  throw  it  with  his  body  leaning  over  to  the 
left,  so  that  the  angle  (f 
between  the  axis  of  rota- 
tion and  the  vertical  may 
be  slightly  in  excess  of  a 
right  angle.  The  increased 
twist  will  mean  that  the 
first  circle  has  a  smaller 
circumference  and  that 
there  will  be  more  pace 
left  after  it  has  been  dewribed,  and  the  increased  rounding  will  keep 
the  plane  of  rotation  from  becoming  horizontal  too  soon. 


Elevation  throuxh  C 
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For  a  figure  of  8  we  should  require  less  rounding,  or  we  might 
give  more  spin  in  throwing,  and  aim  a  little  uphill,  with  B  rather  leiu) 


than  a  right  angle.     There  are  so  many  elements  capalile  of  variatioD 
that  nothing  but  experience  can  teach  how  to  get  the  liest  results  with 
any  particular  boomerang. 

The  most  complex  path  that  the  author  has  succeeded 
in  effecting  is  that  of  figs.  10  and  11.  But  it  is  certain 
that  these  fall  far  short  of  what  is  done  by  skillful  natives 
of  Australia. 

If  the  angle  between  the  arms  is  increased  and  the 
twist  and  rounding  unaltered,  the  angular  velocity  (1)  is 
increased,  and  it  becomes  easier  to  make  a  second  loop 
behind  than  in  front.  If  the  angle  exceeds  ISO*-*  the  anf^u- 
lar  velocity  of  the  first  kind  is  so  large  that  it  is  very 
hard  to  get  a  return  at  all. 
iio.  li— Pian.  When  the  twist  is  left-handed  and  the  angle  large  we 
have  a  specimen  of  the  second  type  (fig.  3),  and  it  must  be 
thrown  with  the  more  rounded  side  uppermost  and  the  plane  of  rota- 
tion inclined  at  between  30=  and  60°  to  the  horizontal  (i.  e. ,  30°<^<60'^); 
the  angle  of  projection  (i.  e.,  inclina- 
tion to  the  horizon  of  the  initial  veloc- 
ity of  translation)  must  be  comparable 
with  45°. 

The  uphill  path  is  nearly  straight 
until  the  forward  velocity  becomes 
small ;  the  projectile  then  returns  along 
a  track  close  to  that  of  the  ascent  (figs. 
12  and  13). 

UONRETURSIXG    FLIGHTS, 

A  good  boomerang  of  the  second 
type  will  travel  an  immense  distance  in  a  nearly  straight  line  if  prop- 
erly thrown.     The  motion  should  iBsemble  that  of  an  aeroplane  or 
flying  machine;  the  plane  of  rotation  must  remain  nearly  horizontal. 
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though  slightly  uphill,  and  the  trajectory  must  be  flat.  There  will 
thus  be  an  upward  pressure  of  air  on  the  under  .im-face  of  the  imple- 
ment, and  the  force  of  gravity  will  lie  countemcted  as  long  an  there  is 
sufficient  forward  velocity.  The  boomerang  i,-*  thrown  very  alightly 
uphill,  the  angle  of  projection  not  being  greatei'  than  12^;  the  rounded 
side  is  uppermost  and  ff  U  initially  30°.  The  plane'of  rotation  soon 
appears  to  the  thrower  to  become  approximately  horizontal,  and  it 
remains  so  during  the  flight;  the  projectile  rises  to  a  height  of  about 
12  meters  from  the  ground  and  travels  in  a  nearly  straight  path  imtil 
its  forward  veIo<;ity  is  almost  exhausted;  it  then  Mtrikes  the  earth  at  a 
distance  of  about  130  meters  from  the  thrower. 

It  will  be  seen  that  the  angular  velocity  (1)  is  at  first  small  and  posi- 
tive, and  that  it  subsequently  disappears;  the  angular  velocity  (2)  is 
small  throughout.  These  resultjs  are  due  to  the  left-handed  twist  and 
the  rounding. 

Considei-able  accui-acy,  both  in  making  and  in  throwing,  is  necessary 
if  the  best  results  are  to  be  obtained.  If  Ihc  plane  of  rotation  slopes 
downwai-d  to  one  side,  the  boomerang  will  slide  down  in  the  inclined 
plane  of  i-otation;  thus  the  path  will  be  lient  and  materially  shortened. 
The  correct  relation  has  to  be  found  bclweon  the  twist,  the  i-ounding, 
the  angle  between  the  arms  of  the  Ijoonicrang,  the  density  of  its 
material,  and  the  amounts  and  directions  of  its  initial  linear  and  angu- 
lar velocities.  An  illustration  of  this  is  afforded  by  the  fii'st  specimen 
of  this  type  that  I  have  made;  it  travels  farther  against  the  wind  than 
with  it.  In  the  fonner  case  the  boomerang  keeps  quite  low,  scarcely 
rising  higher  than  6  meters,  and  being  retarded  very  little  by  f  rictional 
resi.wtance.  travels  about  125  meters;  in  the  latter  case  the  body  spends 
its  energy  in  running  uphill  to  a  height  of  about  15  meters,  and  falls 
to  the  ground  at  a  distance  of  about  UO  meteis. 

It  is  i-ather  diflicult  to  give  sufficient  spin  to  keep  the  motion  stable 
tbi-ough  a  long  flight,  and  I  have  found  it  advantageous  to  wind  round 
the  wood  al>out  *>0  grams  weight  of  copper  wire  in  three  equal  por- 
tion.s,  of  which  one  is  in  the  middle  and  one  near  each  end.  This 
materially  increases  the  moment  of  inertia  about  the  center  of  gravity 
without  interfeiing  seriously  with  other  details.  1  have  thrown  a 
loaded  boomerang  of  this  type  167  meters,  and  my  range  with  a  spher- 
ical ball  of  half  the  weight  is  only  63  meters. 

MODE   OF   MANUFACTURE. 

A  block  of  straight-grained  ash  about  ItO  cm.  long,  7  cm.  {or  7.5  cm.) 
thick,  and  of  width  not  less  than  7  cm.,  is  taken.  The  block  is  soaked 
in  steam,  bent  to  the  requisite  shape  and  held  in  this  shape  until  cool 
and  dry.  It  is  then  sawn  into  strips  1.3  cm,  thick.  After  suffit^ient 
time  has  elapsed  for  the  wood  to  be  seasoned,  each  strip  is  trimmed  into 
a  iHMjmeiTing,  the  most  useful  tool  in  general  beinga  spokesliave.  It 
is  very  important  that  the  outer  edge,  at  any  rate  in  the  neighborhood 
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of  the  bend,  should  follow  the  grain  of  the  wood.  When  the  projec- 
tile falla  hard  upon  one  end  the  stress  near  the  center  is  very  severe, 
and  any  point  at  which  the  direction  of  the  grain  meets  the  convex 
edge  obliquely  is  likely  to  develop  a  split  and  ultimately  a  breakage. 

It  is  better  to  cut  the  material  to  it«  final  twisted  shape  mther  than 
to  impart  the  twist  by  another  steaming  and  bending.  Considerable 
care  is  requii-ed  in  the  process,  for  the  removal  of  a  layer  of  wood  a 
millimeter  thick  in  such  a  way  as  to  increase  or  diminish  the  twist  will 
cause  a  marked  difference  in  the  6ight.  It  will  be  found  to  facilitate 
throwing  to  cut  that  end  of  the  boomerang  which  is  held  in  the  hand 
to  the  somewhat  square  form  shown  at  the  right  hand  of  figs.  1  and  3. 

There  is  some  difiiculty  in  avoiding  warping,  for  boomerangs  are 
less  likely  to  get  broken  if  thrown  when  the  ground  is  damp  and  soft, 
and  under  these  circumstances  the  moisture  is  likely  to  be  absorbed 
by  the  wood.  It  is  of  gre&t  advantage,  therefore,  to  make  the  suiface 
of  the  implements  very  smooth  with  fine  glass  paper  and  to  saturate 
them  with  linseed  oil.  The  additional  density  thereby  produced  is 
also  of  service  in  that  it  diminishes  the  effect  of  the  frictional  resist- 
ance of  the  air. 

I  have  used  artificially  bent  oak  as  a  material,  but  have  not  found  it 
as  heavy  or  as  strong  as  ash.  Oak  branches  that  are  naturally  bent 
are  not  hard  to  procure,  but  boomerangs  made  from  them  are  liable 
to  break  at  places  where  there  are  knots  or  irregularities  in  the  graJa 
of  the  wood. 

EVOLUTION. 

Boomerangs  of  every  variety  of  shape  are  still  to  be  found  in  Aus- 
tralia, and  it  appears  impossible  to  get  direct  historical  evidence  as  to 
the  nature  of  the  successive  stages  of  development  But  if  specula- 
tion be  allowed,  the  following  series  may  be  suggested: 

First,  we  should  have  a  clumsy  kind  of  wooden  sword,  curved,  but 
without  rounding  or  twist,  and  with  one  end  i-oughened  to  form  a 
handle;  when  the  intended  victim  was  out  of  reach  it  would  be  natural 
to  throw  the  weapon,  and  at  short  ranges  it  would  be  extremely 
effective.  Bad  workmanship  would  involve  the  frequent  production 
of  implements  of  which  one  side  was  more  ixiunded  than  the  other, 
and  it  would  soon  be  found  that  these  missiles,  when  thrown  with  the 
rounded  side  uppermost,  traveled  much  farther  and  straighter  than 
the  former. 

Boomerangs  of  this  character  vary  in  length  from  50  to  110  cm., 
and  in  weight  from  200  to  1,250  grams.  They  are,  for  the  most  part, 
twisted  in  a  manner  that  seems  quite  fortuitous,  and  form  the  enor- 
mous majority  of  the  present  native  implements.  Light  specimens 
with  a  slight  left-handed  twist  may  have  a  fairly  straight  trajec- 
tory of  100  meters,  and  may  return  if  aimed  much  uphill,  especially 
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when  thrown  against  h  wind.  Thoge  which  are  bent  through  a  large 
enough  angle  and  happen  to  be  twisted  (either  by  carelessness  in 
manufacture  or  by  -subsequent  warping*)  after  the  manner  of  a  right- 
handed  screw  are  returning  boomer»ngs  of  the  first  type.  In  many 
of  these  the  twist  is  so  large  as  to  be  conspicuous,  and  when  once  the 
connection  between  the  form  and  the  return  flight  has  been  noticed, 
the  process  of  development  is  complete. 

*Thia  may  be  illustrated  by  the  fact  that  when  the  author  firat  made  boomennge 
he  wBH  only  aware  of  the  need  for  rounding;  hut  the  fint  two  specimens  that  he  con- 
Btructed  happened  to  have  right-handed  twist  and  returned  admirably. 
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THE  POSSIBLE  IMPROVEMENT  OF  THE  HUMAN  BREEtl 
UNDER  THE  EXISTING  C»NDITIONS  OF  LAW  AND 
SENTIMENT.' 


By  Frakch  Galton,  D.  C.  L.,  D.  Sc.,  F.  R.  S., 

London. 


In  fulfilling  the  honorable  charge  that  has  heen  intrusted  to  me  of 
delivering  the  Huxley  lecture,  I  shall  endeavor  to  carrj'  out  what  I 
understand  to  have  Ijecn  the  wish  of  its  foundei-s,  namely,  to  treat 
broadly  .some  >iew  topic  belonging  to  a  class  in  which  Huxley  himself 
would  have  felt  a  keen  interest,  rather  than  to  expatiate  on  his  charactei 
and  the  work  of  his  noble  life. 

That  which  I  have  selected  for  to-night  is  one  which  has  occupied 
my  thoughts  for  many  years,  and  to  which  a  large  part  of  my  pub- 
lished inquiries  have  borne  a  direct  though  silent  reference.  Indeed, 
the  remarks  I  am  about  to  make  would  serve  as  an  additional  chapter 
to  my  books  on  Hereditary  Genius  and  on  Natuml  Inheritance.  My 
subject  will  be  "The  possible  improvementof  the  human  luce  under  the 
existing  conditions  of  law  and  sentiment.'^  It  has  not  hitherto  been 
approached  along  the  ways  tliat  recent  knowledge  has  laid  open,  and 
it  occupies  in  consequence  a  less  dignified  position  in  scientitic  estima- 
tion than  it  might.  It  is  smiled  at  as  most  desirable  in  itself  and  pos- 
sibly worthy  of  academic  di.scussion,  but  ahsolutt^ly  out  of  the  question 
as  a  pmctical  problem.  My  aim  in  tliis  lecture  is  to  show  cause  for  a 
different  opinion.  Indeed,  I  hope  to  induce  anthropologists  to  regard 
human  improvement  as  a  subject  that  should  be  kept  openly  and 
squarely  in  view,  not  only  on  account  of  its  tran.scendent  importance, 
but  also  l>ecause  it  affords  excellent  but  neglected  fields  for  investiga- 
tion. 1  shall  show  that  our  knowledge  is  already  sufficient  to  justify 
the  pui'suit  of  this,  perhaps  the  grandest  of  all  objcct,s.  but  that  we 
know  less  of  the  conditions  upon  which  success  depends  than  we  might 
and  ought  to  ascertain.  The  limits  of  our  knowledge  and  of  our 
ignorance  will  become  clearer  as  we  pi-oceed. 


524  IHPROVEKENT    OF    THE    HUHAN    BBEED. 

HUMAN   VABIBTY. 

The  natural  character  and  faculties  of  human  beings  differ  at  least 
as  widely  as  those  of  the  domesticated  animals,  such  a^  dogs  and  horeea, 
with  whom  we  are  familiar.  In  disposition  some  are  gentle  and  good- 
tempei-ed,  others  surly  and  vicious;  some  are  courageous,  others  timid ; 
some  are  eager,  others  slu^sh;  some  have  large  powers  of  endur- 
ance, others  arc  quickly  fatigued;  some  are  muscular  and  powerful, 
others  are  weak;  some  are  intelligent,  others  stupid;  some  have  tena- 
cious memories  of  places  and  persons,  others  frequently  stray  and  are 
slow  at  recognizing.  The  number  and  variety  of  aptitudet),  especially 
in  dogs,  is  truly  remarkable;  among  the  most  notable  being  the  tend- 
ency to  herd  sheep,  to  point,  and  to  retrieve.  So  it  is  with  the  various 
natural  qualities  that  go  toward  the  making  of  civic  worth  in  man. 
Whether  it  be  in  character,  disposition,  energy,  intellect,  or  physical 
power,  we  each  receive  at  our  birth  a  definite  endowment,  allegorized 
by  the  parable  related  in  tit.  Matthew,  some  receiving  many  talenbs, 
others  few;  but  each  person  being  responsible  for  the  protitable  use 
of  that  which  has  been  intrusted  to  him. 

DISTRIBUTION   OF   QUALITIES   IN    A    NATION. 

Experience  shows  that  while  talents  are  distributed  in  cndles-s  differ- 
ent d^ree»,  the  frequency  of  those  different  degrees  follows  certain 
statistical  laws,  of  which  the  best  known  is  the  noimal  law  of  frequency. 
This  is  the  result  whenever  variations  are  due  to  the  combined  action 
of  many  small  and  different  causes,  whatever  may  be  the  causes  and 
whatever  the  object  in  which  the  variations  occur,  just  as  twice  2 
always  makes  4,  whatever  the  objects  may  be.  It  therefore  holds  true 
with  approximate  precision  for  variables  of  totally  different  sorts,  as, 
for  instance,  stature  of  man,  errors  made  by  astronomers  in  judging 
minute  intervals  of  time,  bullet  marks  around  the  bull's-eye  in  target 
practice,  and  diffei-ences  of  marks  gained  by  candidates  at  competitive 
examinations.  There  is  no  mystery  about  the  fundamental  principles 
of  this  abstract  law;  it  rests  on  such  simple  fundamental  conceptions 
as,  that  if  we  toss  2  pence  in  the  air  they  will,  in  the  long  run,  come 
down  one  head  and  one  tail  twice  as  often  as  both  heads  or  both  tails. 
I  will  assume,  then,  that  the  talents,  so  to  speak,  that  go  to  the  forma- 
tion of  civic  worth  are  distributed  with  rough  approximation  according 
to  this  familiar  law.  In  doing  so,  I  in  no  way  disregai'd  the  admirable 
work  of  Prof.  Karl  Pearson  on  the  distribution  of  qualities,  for 
which  he  was  adjudged  the  Darwin  medal  of  the  Royal  Society  a  few 
years  ago.  He  has  amply  proved  that  we  must  not  blindly  trust  the 
normal  law  of  frequency;  in  fiu-t,  that  when  variations  are  minutely 
studied  they  rarely  fall  into  that  perfect  symmetry  iilwutthe  mean  value, 
which  is  one  of  its  consequences.     Nevertheless,  my  conscience  is  clear 


IHPBOTEMENT   OF   THE   HDHAN   BRESD.  525 

in  using  this  law  in  the  way  1  am  about  to.  I  say  that  if  certain  qiiali- 
tiea  vary  normally,  such  and  such  will  be  the  results;  that  tbet^e  qnalitic^ 
are  of  a  claea  that  are  found,  whenever  they  h^ve  been  tested,  to  vary 
normally  to  a  fair  degree  of  approximation,  and  consequently  we  may 
infer  that  our  results  are  trustworthy  indications  of  real  facts. 

A  talent  is  a  sum  whose  exact  value  few  of  us  care  to  know,  although 
we  all  appreciate  the  inner  sense  of  the  beautiful  parable.  I  will,  there- . 
fore,  venture  to  adapt  the  phraseology  of  the  allegory  to  mj'  prej*ent 
pur|>ose  by  substituting  for  "  talent"  the  words  "  normal  talent."  The 
value  of  this  normal  talent  in  respect  to  each  and  any  specified  quality 
or  faculty  is  such  that  one-quai-ter  of  the  people  receive  for  their 
respective  shares  more  than  one  normal  talent  over  andabove  theaver- 
a^  of  all  the  shares.  Our  normal  talent  is  therefore  identical  with 
what  b  technically  known  as  the  "probable  error."  Therefrom  the 
whole  of  the  following  table  staits  into  life,  evolved  from  that  of  the 
"■^ jmibahUity  iiUegral." 


-4° 

-3°. 

7 

l.«18  j 

-1°     M,     +1« 

+2°. 

+»°. 

+.-. 

bii-'o;". :  -■ 

1,500 
2& 

2,  WW 
2S 

i.ais  ; 

T. 

„      1    V»id 
"-     !  «bove. 

_^ 

uolis 

10.  mo 

It  expresses  the  distribution  of  any  normal  quality,  or  any  group 
of  normal  qualities,  among  10,000  persons  in  terms  of  the  normal  tal- 
ent. The  M  in  the  upper  line  occupies  the  position  of  mediocrity,  or 
that  of  the  average  of  what  all  have  received;  the  +1^*,  -|-2'',  etc.,  and 
the  —1*^,  —2°.  et<'.,  refer  to  normal  talents.  These  numerals  stand  as 
graduations  at  the  heads  of  the  vertical  lines  by  which  the  table  is 
divided.  The  entries  between  the  divisions  are  the  numbers  per 
10,000  of  those  who  i-eceive  sums  between  the  amounts  specified  by 
those  divisions.  Thus,  by  the  hypothesis,  2,500  receive  more  than 
M  but  less  than  M+l"^,  1,613  receive  more  than  M+l'^  but  less  than 
M+S'^,  and  so  on.  The  terminals  have  only  an  inner  limit;  thus,  35 
receive  more  than  4^,  some  to  perhaps  a  very  large  but  indefinite 
amount.  The  divisions  might  have  been  carried  much  further,  but  the 
'  numbers  in  the  classes  between  them  would  become  less  and  less  trust- 
worthy. The  left  half  of  the  scries  exactly  re8ects  the  right  half. 
As  it  will  be  useful  henceforth  to  distinguish  these  classes,  I  have  used 
the  capital  or  large  letters,  R,  S,  T,  U,  V,  for  those  above  mediocrity 
and  corresponding  itedic  or  small  letters,  r,  «,  t,  u,  v,  for  those  below 
mediocrity,  r  being  the  counterpart  of  R,  a  of  S,  and  so  on. 
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in  the  lowest  lines  the  same  values  are  given,  but  more  roughly,  to 
the  nearectt  whole  percent^e. 

It  will  tmsist  in  comprehending  the  values  of  different  grades  of 
civic  worth  to  compare  them  with  the  corresponding  grades  of  adult 
male  jstature  in  our  nation.  I  will  take  the  figures  from  my  Natural 
Inheritance,  premising  that  the  distribution  of  stature  in  various  peo- 
4>lefl  has  been  well  investigated  and  shown  to  be  closely  normal.  The 
average  height  of  the  adult  males,  to  whom  my  figures  refer,  was 
nearly  5  feet  8  inches,  and  the  value  of  their  "normal  talent"  (which 
is  a  measure  of  the  spi'ead  of  distribution)  was  very  nearly  IJ  inches. 
From  these  data  it  is  easily  reckoned  that  class  V  would  contain  men 
whose  heights  exceed  6  feet  li  inches.  Even  they  are  tall  enough  to 
overloolc  a  hatle^ts  mob,  while  the  higher  classes,  such  as  V,  W,  and  X, 
tower  above  it  in  an  inci'easingly  marked  degree.  So  the  civic  worth 
(however  that  term  may  he  defined)  of  U-cla^s  men,  and  still  more  of 
V-class,  are  notably  superior  to  the  crowd,  though  they  are  far  below 
the  heroic  order.  The  rarity  of  a  V-class  man  in  each  specified  quality 
or  group  of  qualities  is  as  35  in  10,000,  or,  say.  for  the  convenience  of 
using  round  numbci'S,  as  1  to  300.  A  man  of  the  W  class  is  ten  times 
raver,  and  of  the  X  class  rarer  still;  but  I  shall  avoid  giving  any  more 
exact  definition  of  X  than  as  a  value  considerably  rarer  than  V.  This 
gives  a  general  but  just  idea  of  the  distribution  throughout  a  popula- 
tion of  each  and  every  quality  taken  separately  so  far  as  it  is  normally 
disti-ibuted.  As  already  mentioned,  it  does  the  same  for  ant/  group  of 
normal  qualities;  thus,  if  marks  for  cla.ssicsand  for  mathematics  were 
severally  normal  in  their  distribution,  the  combined  marks  gained  by 
each  candidate  in  both  those  subjects  would  be  distributed  normally 
also,  this  being  one  of  the  many  interesting  properties  of  the  law  of 
frequency. 

COMPARISON  OF  THE  NORMAL  CLASSES  WITH  THOSE  OF  MR.   BOOTH. 

Let  us  now  compare  the  normal  classes  with  those  into  which  Mr. 
Charles  Booth  has  divided  the  population  of  all  London,  in  a  way  that 
corresponds  not  unfairly  with  the  ordinary  conception  of  grades  of 
civic  worth.  He  reckons  them  from  the  lowest  upward,  and  gives  the 
numbers  in  each  cla.ss  for  East  London.  Afterwards  he  treats  all  Lon- 
don in  a  similai'  manner,  except  that  sometimes  he  combines  two  classes 
into  one  and  gives  the  joint  result.  For  my  present  purpose  I  had  to 
couple  them  somewhat  differently,  first  disentangling  them  as  I  best 
could.  There  seemed  no  better  way  of  doing  this  than  by  assigning  to 
the  meml)ers  of  each  couplet  the  same  proportions  that  they  had  in 
East  London.  Though  this  was  certainly  not  accuiut«,  it  is  probably 
not  far  wrong.  Mr.  Booth  has  taken  unheard-of  pains  in  this  great 
work  of  liis  to  arrive  at  accumfc  result-s,  but  he  emphatically  says  that 
bis  classes  can  not  be  separated  sharply  from  one  another.     On  the 
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contrary,  their  frontiers  blend,  and  this  justities  me  in  taking  slight 
tibei'tieH  with  his  figurei*.  His  clasu  A  oonsists  of  oriminaW,  xemi- 
crimtnals,  loafers,  and  some  others,  who  are  in  number  at  the  rate  of  1 
per  cent  in  all  London— that  is,  100  per  10.000,  or  nearly  three  times 
aa  many  as  the  v  class;  they  therefore  include  the  whole  of  the  v  and 
tiproad  upward  into  the  «.  His  class  B  coasists  of  very  poor  persons 
who  subsist  on  casual  earnings,  many  of  whom  arft  ineviUibly  poor  from 
shiftlessncss,  idleness,  or  drink.  The  numbers  in  this  and  the  A  class 
combined  closely  correspond  with  those  in  t  and  all  below  t. 

Class  C  are  supported  by  intermittent  earnings;  they  are  a  hard- 
working people,  but  have  a  very  bad  character  for  improvidence  and 
shiftlessncss.  In  class  D  the  earnings  are  regular,  but  at  the  low 
rate  of  21  shillings  or  less  a  week,  so  none  of  them  rise  above  pov- 
erty, though  none  are  very- poor.  D  and  C  together  correspond  to 
the  whole  of  n  combined  with  the  lower  Hfth  of  r.  The  next  class,  E, 
is  the  largest  of  any,  and  comprises  all  those  with  regular  standai-d 
earnings  of  22  to  SO  shillings  a  week.  This  class  is  the  recognized 
field  for  all  forms  of  cooperation  and  combination;  in  short,  for 
tradeu  unions.  It  corresponds  to  the  upper  four-fifths  of  r  and 
the  lower  four-fifths  of  R.  It  is,  therefore,  essentially  the  mediocre 
class,  standing  as  far  below  the  highest  in  civic  worth  as  it  stands 
above  the  lowest  class  with  its  criminals  and  seinicnminals.  Next 
above  this  large  mu-ss  of  mediocrity  comes  the  honorable  class  /', 
which  consists  of  better-paid  artisans  and  foremen.  These  are  able  to 
provide  adequately  for  old  age,  and  their  sons  become  clerks,  etc. 
G  is  the  lower  middle  class  of  shopkeepers,  small  employers,  clerks, 
and  subordinate  professional  men,  who  as  a  rule  are  hard-working, 
energetic,  and  sober.  F  and  G  combined  correspond  to  the  upper  fifth 
of  R  and  the  whole  of  S,  and  are,  therefore,  a  counterpart  to  D  and  0. 
All  afK>ve  G  are  put  together  by  Mr.  Booth  into  one  cla.ss,  H,  which 
corresponds  to  our  T,  U,  V,  and  above,  and  is  the  counterpart  of  his 
two  lowerniast  classes,  A  and  li.  So  far,  then,  as  these  figures  go, 
civic  worth  is  distributed  in  fair  approximation  to  the  normal  law  of 
frequency.  We  also  see  that  the  classes  f,  tt,  v,  and  below  are  un- 
desirables. 

WORTH  OF  CHILDREN. 

The  brains  of  the  nation  lie  in  the  higher  of  our  classes.  If  such 
people  as  would  be  classed  VV  or  X  could  be  distinguishable  as  children 
and  procurable  by  money  in  oi-der  to  be  reared  as  Englishmen,  it  would 
be  a  cheap  bargain  for  the  nation  to  buy  them  at  the  I'ute  of  many  hun- 
dred or  some  thousarids  of  jtounds  per  head.  Dr.  Farr,  the  eminent 
statistician,  endeavored  to  estimati^  the  money  worth  of  an  average 
baby  born  to  the  wife  of  an  Essex  laborer  and  thenceforward  living 
during  the  usual  time  and  in  the  ordinary  way  of  his  class.     Dr.  Farr, 
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with  accomplished  a4.-tuaria(  skill,  capitalized  the  value  at  the  child's 
birth  of  two  classes  of  events,  the  one  the  cost  of  maintenance  while  a 
child  and  when  helpless  through  old  age,  the  other  it«  earnings  as  lx)y 
and  man.  On  baUncing  the  two  sides  of  the  account  the  value  of  the 
baby  was  found  to  be  -£5.  On  a  similar  principle,  the  worth  of  an 
X-cIass  baby  would  be  reckoned  in  thousands  of  pounds.  Some  «uch 
"talented"  folk  fail,  but  most  succeed,  and  many  succeed  greatly.  Thej- 
found  great  industries,  establish  vast  undertakings,  increase  the  wealth 
of  multitudes,  and  amass  large  fortunes  for  themselves.  Others, 
whether  they  be  rich  or  poor,  are  the  gulden  and  light  of  the  nation, 
raising  its  tone,  enlightening  its  difficulties,  and  imposing  its  ideals. 
The  great  gain  that  England  received  through  the  immigration  of  the 
Huguenots  would  be  insignificant  to  what  she  would  derive  from  an 
annual  addition  of  a  few  hundred  children  of  the  classes  W  and  X. 
I  have  tried,  but  not  yet  succeeded  to  my  satisfaction,  to  make  an 
approximate  estimate  of  the  worth  of  a  child  at  birth  according  to  the 
class  he  is  destined  to  occupy  when  adult.  It  is  an  eminently  important 
subject  for  future  investigators,  for  the  amount  of  care  and  cost  that 
might  profitably  be  expended  in  improving  the  i-ace  clearly  depends 
on  its  result. 

DESCENT  OF  QUALITIES    IN    A    POPULATION. 

Let  US  now  endeavor  to  obtain  a  correct  understanding  of  the  way 
in  which  the  varying  qualities  of  each  generation  are  derived  from 
those  of  its  predecessor.  How  many,  for  example,  of  the  V  class  in 
the  offspring  come  respectively  from  the  V,  U,  T,  S,  and  other  classes 
of  parentage?  The  means  of  calculating  this  question  for  a  normal 
population  are  given  fully  in  my  Natural  Inheritance.  There  are  three 
main  senses  in  which  the  word  parentage  might  be  used.  They  differ 
widely,  so  the  calculations  must  be  modified  accordingly.  (1)  The 
amount  of  the  quality  or  faculty  in  question  may  be  known  in  each 
parent.  (iJ)  It  may  be  known  in  only  one  parent.  (3)  The  two  parents 
may  belong  to  the  same  class,  a  V-class  father  in  the  scale  of  male 
cla.ssification  always  marrying  a  V-class  mother,  occupying  identically 
the  same  position  in  the  scale  of  female  classification. 

I  select  this  last  case  to  work  out  as  being  the  one  with  which  we 
shall  here  be  chiefly  concerned.  It  has  the  further  merit  of  escaping 
some  tedious  preliminary  details  about  converting  female  faculties  into 
their  corresponding  male  ccjuivalent-s,  before  men  and  women  can  be 
treated  statistically  on  equal  terms.  I  shall  assume  in  what  follows 
that  we  are  dealing  with  an  ideal  population,  in  which  all  marriages 
are  equally  fertile,  and  which  is  statistically  the  same  in  successive 
generations,  both  in  numbers  and  in  qualities,  so  many  per  cent  being 
always  this,  so  many  always  that,  and  so  on.  Further,  I  shall  take  no 
notice  of  offspring  who  die  before  they  I'each  the  age  of  marriage,  nor 
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shall  I  regard  the  slight  numerical  inequality  of  the  sexes,  but  wilt 
simply  suppose  that  each  parentage  produces  one  couplet  of  grown-up 
tilials,  an  adult  man  and  an  adult  woman. 

The  result  is  shown  to  the  nearest  whole  per  thousand  in  the  diagram 
up  to  "  U  and  above."  It  may  be  read  either  as  applying  to  fathers  and 
their  sons  when  adult,  or  to  mothers  and  their  daughters  when  adult, 
or,  again,  to  parentages  and  filial  couplets.  I  will  not  now  attempt  to 
explain  the  details  of  the  calculation  to  those  to  whom  these  methods 
are  uew.    Those  who  are  familiar  with  them  will  easily  understand  the 

STANDARD  SCHEME  OF  OCSCENT 
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exact  process  from  what  follows.  There  are  three  points  of  reference  in 
a  scheme  of  descent,  which  may  be  respectively  named  "mid-parental," 
"genetic,"  and  "filial"  centers.  In  the  present  case  of  both  parents 
boingalike,  the  position  of  the  mid-parental  center  is  identical  with  that 
of  either  parent  separately.  The  position  of  the  filial  center  is  that  from 
which  the  children  disperse.  The  genetic  center  occupies  the  same  posi- 
tion in  the  parental  series  that  the  Blial  center  does  in  the  filial  series. 
Natural  Inheritance  contains  abundant  proof,  both  observational  and 
SH  1901 34 
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theoretical,  th&t  the  genetic  center  is  not  and  can  not  be  identical  with 
the  parental  center,  but  is  always  more  mediocre,  owing  to  the  combi- 
nation of  ancestral  influences — which  are  genei-ally  mediocre— with 
the  purely  parental  ones.  It  also  shows  that  the  regression  from  the 
parental  to  the  genetic  center,  in  the  case  of  stature  at  least,  would 
amount  to  two-thirds  under  the  conditions  we  are  now  supposing.  The 
regression  is  indicated  in  the  diagram  by  convei^ing  lines  which  are 
directed  towai-d  the  same  point  below,  but  are  stopped  at  one-third  of 
the  distance  on  the  way  to  it.  The  contents  of  each  parental  class  are 
supposed  to  be  concentrated  at  the  foot  of  the  median  axis  of  that 
clas-s,  thi.'i  being  the  vertical  line  that  divides  its  content-^  into  equal 
parts.  Its  jjosition  i.s,  approximately,  but  not  exactly,  halfway  be- 
tween the  divisions  that  bound  it,  and  is  as  easily  calculated  for  the 
extreme  classes,  which  liavc  no  outer  teiininals,  as  for  any  of  the 
others.  These  median  points  are  respectively  taken  to  be  the  positions 
of  the  parental  centers  of  the  whole  of  each  of  the  classes;  therefore 
the  positions  attained  by  the  converging  lines  that  proceed  from  them 
at  the  points  wheie  they  are  stopped  represent  the  genetic  centers. 
From  these  the  filials  disperse  to  the  right  and  left  with  a  "  .npi-ead  "  that 
can  be  shown  to  Ijc  three-quarters  that  of  the  parentages.  Calculation 
easil}' determines  the  number  of  the  tilials  that  fall  into  the  cla.ss  in  which 
the  filial  center  is  situated  and  of  those  that  spread  into  the  classes  on 
each  side.  When  the  parental  contributions  from  all  the  classes  to 
each  filial  class  are  added  together  they  will  express  the  distribution  of 
the  quality  among  the  whole  of  the  offspring.  Now  it  will  be  observed 
in  the  table  that  the  numbers  in  the  classes  of  the  offspring  are  identii^l 
with  thase  of  the  paients,  when  they  are  reckoned  to  the  nearest  whole 
parentage,  as  should  be  the  case  according  to  the  hypothesis.  Had 
the  classes  been  narrower  and  moi-e  numerous,  and  if  the  calculations 
had  been  carried  on  to  two  moi'c  places  of  decimals,  the  correspondence 
would  have  been  identical  to  the  nearest  ten  thousandth.  It  was  unnec- 
essary to  take  the  trouble  of  doing  this,  as  the  table  affords  a  .'sufficient 
basis  for  what  I  am  about  to  say.  Though  it  does  not  profess  to  be 
more  than  approximately  true  in  detail,  it  is  certainly  trustworthy  in 
its  general  form.  Including  as  it  does  the  effects  of  regression,  filial 
dispersion,  and  the  equation  that  connects  a  parental  generation  with 
a  filial  one  when  they  are  stiitistically  alike.  Minor  corrections  will 
lie  hereafter  required,  and  can  tie  applied  when  we  have  a  better  knowl- 
edge of  the  material.  In  the  meantime  it  will  serve  as  a  standard  table 
of  descent  from  each  generation  of  n  people  to  its  successor. 

EcosoMV  OF  KKinnr. 

1  shall  now  use  the  table  to  show  the  economy  of  concentrating  our 
attention  ujwn  the  highest  clasws.  We  will  therefore  trace  the  origin 
of  the  V  class,  which  Is  the  highest  in  the  table.     Of  its  34  or  35  sons 
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6  come  from  V  parentages,  10  from  U,  10  from  T,  5  from  S,  3  from  R, 
and  none  from  any  class  below  R;  but  the  numbers  of  the  contributing 
parentages  have  also  to  be  taken  into  account.  When  this  is  done,  we 
sec  that  the  lower  classes  make  their  scores  owing  to  their -quantity 
and  not  to  their  quality,  for  while  35  V-cIaas  parents  suffice  to  pro- 
duce 6  sons  of  the  V  class,  it  takes  2,600  R-cla^s  fathers  to  produce  3 
of  them.  Consequently,  the  richness  in  produce  of  V-class  parentages 
is  to  that  of  the  R  class  in  an  inverse  ratio,  or  as  14S  to  1.  Similarly, 
the  richness  in  produce  of  V-class  children  from  parentages  of  the 
ciassea  IT.  T,  S,  respectively,  is  as  3,  llj,  and  55  to  1.  Moreover, 
nearly  one-half  of  the  produce  of  V-class  parentages  are  V  or  U  taken 
together,  and  nearly  three-quarters  of  them  are  either  V,  U,  or  T.  If, 
then,  we  desire  to  increase  the  output  of  V-class  offspring,  by  far  the 
most  profitable  parents  Co  work  upon  would  be  those  of  the  V  class, 
and  in  a  threefold  less  degree  those  of  the  U  ela^s. 

When  both  parents  are  of  the  V  class  the  quality  of  parentages  is 
greatly  superior  to  those  in  which  only  one  parent  is  a  V.  In  that 
case  the  regression  of  the  genetic  center  goes  twice  as  far  back  toward 
mediocrity,  and  the  spread  of  the  distribution  among  filials  becomes 
nine-tenths  of  that  among  the  parents,  instead  of  being  only  three- 
quarters.     The  effect  is  shown  in  Table  II. 

Table  II. — Dutributton  of  imnt. — (7)  One  parent  of  dtui  V,  Ihe  olhminknou-n;  {S)  bolh 
/larentt  of  dau  V  {from  TiibU  II,  vAth  dtclmal  point  and  an  0). 


Diet 

rlbntl 

"r. 

no[» 

u^ 

(. 

1.2 

r. 

S. 

T. 

V. 

V. 

Toul. 

Q.S 

S.5 

11 

n 

Poallion  o(  Ibe  flllal  center  of  (1|  --'l.l^.  o[  ('J)^2.89;  irhen  both  parenls  are  T  k^l.58. 

There  is  a  difference  of  fully  two  divisions  in  the  position  of  the 
genetic  center,  that  of  the  single  V  parentage  being  only  a  trifle  nearer 
mediocrity  than  that  of  the  double  T.  Hence  it  would  be  Imd  economy 
to  spend  much  effort  in  furthering  marriages  with  a  high  class  on  only 
one  side. 

HABRIAOE   OF  LIKE  TO   LIKE. 

In  each  class  of  society  there  is  a  strong  tendency  to  mtermarriage, 
which  produces  a  marked  effect  in  the  richness  of  brain  power  of  the 
more  cultured  families.  It  produces  a  still  more  marked  effect  of 
another  kind  at  the  lowest  step  of  the  social  scale,  as  will  l>e  painfully 
evident  from  the  following  extracts  from  the  work  of  Mr.  C.  Booth 
(i,  38),  which  refer  to  his  class  A,  who  form,  as  has  been  said,  the 
lowermostthirdof  our  "wand  below."  "Their  life  i-s  the  life  of  savages, 
with  vicissitudes  of  extreme  hardship  and  occasional  excess.  From 
them  come  the  battered  figures  who  slouch  through  the  streets  and 
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piay  the  oeggar  or  the  bully-  They  render  no  useful  service;  they 
create  no  wealth,  more  often  they  destroy  it.  They  degrade  whatever 
they  touch,  and  as  individuals  are  perhaps  incHpablc  of  improvement; 
*  *  *  but  I  do  not  mean  to  say  that  there  arc  not  individuals^  of 
every  sort  to  be  found  in  the  mass.  Those  who  are  able  to  wash  the 
mud  may  find  some  gems  in  it.  There  are  at  any  rate  many  very  pite- 
ous cases.  Whatever  doubt  there  may  l»e  as  to  the  exact  numbers  of 
this  class,  it  is  certain  that  they  bear  a  very  small  proportion  to  the 
rest  of  the  population,  or  even  to  elass  B,  with  which  they  are  mixed 
up  and  from  which  it  is  at  times  difficult  to  sepai^ate  them.  *  "  » 
They  are  barbarians,  but  they  are  a  handful."'  He  says  further:  '"It 
is  much  to  be  desired  and  to  l>e  hoped  that  this  class  may  become  lean 
hereditary  in  its  character;  there  appears  to  be  no  doubt  that  it  is  now 
hereditaiy  to  a  very  considerable  extent." 

Many  who  are  familiar  with  the  habits  of  these  people  do  not  hesi- 
tate to  say  that  it  would  be  an  economy  and  a  great  benefit  to  the 
country  if  all  habitual  criminals  were  lesolutely  segregated  under 
merciful  surveillance  and  peremptorily  denied  opportunities  for  pro- 
ducing offspnng.  It  would  abolish  a  source  of  suffering  and  misery  to 
a  future  generation,  and  would  cause  no  unwari-antable  hardship  in 
this. 

DIPLOMAS. 

It  will  be  remembered  that  Mr.  Booth's  classification  did  not  help 
us  beyond  classes  higher  than  S  in  civic  worth.  If  astrong  andwidely 
felt  desire  should  arise  to  discover  young  men  whose  position  was  of 
the  V,  W,  or  X  order,  there  would  not  be  much  difficulty  in  doing  so. 
Let  us  imagine  for  a  moment  what  might  be  done  in  any  great  uni- 
versity where  the  students  arc  in  continual  competition  in  studies, 
in  athletics,  or  in  public  meetings,  and  where  their  characters  are  pub- 
licly known  to  associates  and  to  tutors.  Before  attempting  to  make  a 
selection,  acceptable  definitions  of  civic  worth  would  have  to  be  made 
in  alternative  terms,  for  there  are  many  forms  of  civic  worth.  The 
number  of  men  of  the  V,  W,  or  X  clas-ses,  whom  the  university  was 
qualified  to  contribute  annually,  must  also  l)e  ascertained.  As  wassnid, 
the  proportion  in  the  general  population  of  the  V  cla.ss  to  the  remainder 
is  as  1  to  300,  and  that  of  the  \V  class  as  1  in  3,000.  But  students  arc 
a  somewhat  selected  body,  because  the  cleverest  youths,  in  a  scholastic 
sense,  usually  find  their  way  to  univei-sities.  A  considerably  high 
level,  both  intellectually  and  physically,  would  Iw  retjuired  as  a  qualifi- 
cation for  candidature.  The  limited  number  who  had  not  been  auto- 
matically weeded  away  by  this  condition  might  l)e  submitted  in  some 
appropriate  way  to  the  independent  votes  of  fellow  students  on  the 
one  hand  and  of  tutors  on  the  other,  whose  ideals  of  character  and 
merit  necessarily  differ.  This  ordeal  would  reduce  the  possible  win- 
ners to  a  very  small  number,  out  of  which  an  independent  committee 
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iiiiglit  be  trusted  to  in^ke  the  ultimate  selection.  Tbey  would  be 
yitidfd  by  pci'isonni  interviews.  They  would  take  into  con  side  ration 
ull  fuvorable  pointti  in  the  family  hiHtoriex  of  the  candidates,  giving 
appropriate  hei'editarv  weight  to  each.  Proljably  they  would  ^ree 
to  puHH  over  unfavorable  points,  unless  they  were  notorioii«  and  fla- 
grant, owing  to  the  great  difficulty  of  ascertaining  the  real  truth  about 
tbem.  Ample  experience  in  making  selections  has  been  acquired  even 
l»y  scientific  aocieties,  mo^  of  which  work  well,  including  perhaps  the 
awanl  of  their  medaU,  which  the  fortunate  recipients  at  least  are 
tempted  toconsider  judicious.  The  opportunities  for  selecting  women 
it)  this  way  are  unfortunately  fewer,  owing  to  the  smaller  number  of 
female  student^j,  between  whom  comparisons  might  be  made  on  equal 
terms.  In  the  selection  of  women,  when  nothing  is  known  of  their 
athletic  proficiency,  it  would  be  especially  neces.sary  to  pass  a  high 
and  careful  medical  examination;  and  as  their  personal  qualities  do 
not  usually  admit  of  being  te.sted  so  thoroughly  as  those  of  men,  it 
would  be  necessary  to  lay  all  the  more  stress  on  hereditary  family 
qualities,  including  those  of  fertility  and  prepotency. 

COKREI.ATION      BETWEEN      PROMISE     IN     yOUTH      AND     SUBSEQUENT 
PERFOKMANCE. 

No  serious  difficulty  seems  to  stand  in  the  way  of  classifying  and 
giving  satisfactory  diplomas  to  youths  of  either  sex,  supposing  there 
were  a  strong  demand  for  it.  But  some  re«l  difficulty  does  lie  in  the 
question,  Would  such  a  cIas.sitication  be  a  trustworthy  forecast  of 
qualities  in  later  life;  Theschemeofdeacentof  qualities  may  hold  good 
between  the  pai-ents  and  the  ofi'spring  at  similar  ages,  but  that  is  not 
the  information  we  really  want.  It  is  the  des<^ent  of  qualities  from 
men  to  men.  not  from  youths  to  youths.  The  accidents  that  make  or 
mar  a  cjireer  do  not  enter  into  the  scope  of  this  difficulty.  It  resides 
entirely  in  the  fact  that  the  development  does  not  cease  at  the  time  of 
youth,  especially  In  the  higher  natures,  but  that  faculties  and  capa- 
bilities which  were  then  latent  subsequently  unfold  and  become  promi- 
nent. Putting  a.side  the  effects  of  serious  illness.  I  do  not  suppose  there 
is  any  risk  of  retrogression  in  capacity  before  old  age  comes  on.  The 
nu'ntal  powers  that  a  youth  possesses  continue  with  him  as  a  man,  but 
other  fa<'ulties  and  new  dispositions  may  arise  and  alter  the  balance  of 
his  character.  He  may  cease  to  l>e  efficient  in  the  way  of  which  he  gave 
promise,  and  he  may  perhaps  l»ecome  efficient  in  unexpected  directions. 

The  correlation  twtwcen  youthful  promise  and  performance  in 
mature  life  has  never  been  properly  investigated.  Its  measurement 
presents  no  greater  difficulty,  so  far  as  I  (■an  foresee,  than  in  other 
problems  which  have  l>ecn  su<'cessfu!ly  attacke<l.  It  is  one  of  those 
alluded  to  in  the  beginning  of  this  lecture  as  bearing  on  race  improve- 
ment, and  being  on  its  own  merits  suitable  for  anthropological  inquiry. 
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Let  mc  iidd  that  I  think  its  neglect  by  the  vast  army  of  highly  educated 
persons  who  are  connected  with  the  present  huge  t§ysteui  of  competi- 
tive examinations  to  be  gros^  and  unpardonable.  Neither  sohoolmas- 
tera,  tutors,  officials  of  the  univeraitiej*,  nor  of  the  State  department  of 
education,  have  ever  to  my  knowledge  taken  any  seriouu  step  to  solve 
this  important  problem,  though  the  value  of  the  present  elaborate  sys- 
tem of  examinations  can  not  be  rightly  estimated  until  it  is  solved. 
When  the  value  of  the  correlation  between  vbuthful  promise  and  adult 
performance  shall  have  been  determined,  the  figures  given  in  the  table 
of  descent  will  have  to  be  reconsidered. 

AUOMESTATION  OF  FAVORED  STOCK. 

The  possibility  of  improving  the  race  of  a  nation  depends  on  the 
power  of  increasing  the  productivity  of  the  best  stock.  This  is  far 
more  important  than  that  of  repressing  the  productivity  of  the  worst 
They  both  raise  the  averse,  the  latter  by  reducing  the  undesirables,  the 
former  by  increasing  those  who  will  become  the  lights  of  the  nation. 
It  is  therefore  all  important  to  prove  that  favor  to  selected  individuals 
might  so  increase  their  productivity  as  to  warrant  the  expenditnre  in 
money  arid  care  that  would  be  necessitated.  An  enthusiasm  to  improve 
the  race  would  probably  express  itself  by  granting  diplomas  to  a  select 
class  of  young  men  and  women,  by  encouraging  their  intermarriages, 
by  hastening  the  time  of  marriage  of  woman  of  that  high  class,  and  by 
provision  for  rearing  children  healthily.  The  means  that  might  be 
employed  to  compass  these  ends  are  dowries,  especially  for  those  to 
whom  moderate  sums  are  important,  (wsurod  help  in  emergencies  dur- 
ing the  early  years  of  married  life,  healthy  homes,  the  pressure  of 
public  opinion,  honors,  and  alxtve  all  the  introduction  of  motives  of 
religious  or  quasi-religious  character.  Indeed,  an  enthusiasm  to  improve 
the  race  is  so  noble  in  its  aim  that  it  might  well  give  rise  to  the  mmse 
of  a  religious  obligation.  In  other  lauds  there  are  abundant  instances 
in  which  religious  motives  make  early  marriages  a  matter  of  custom 
and  continued  celibacy  to  be  regarded  as  a  disgrace,  if  not  a  crime. 
The  customs  of  the  Hindoos,  also  of  the  Jews,  especially  in  ancient 
times,  bear  this  out.  In  all  costly  civilizations  there  is  a  tendency  to 
shrink  from  marriage  on  prudential  grounds.  It  would,  however,  be 
possible  so  to  alter  the  conditions  of  life  that  the  most  prudent  course 
for  an  X-class  person  should  lie  exactly  opposite  to  its  present  direc- 
tion, for  he  or  she  might  find  that  there  were  advantages  and  not  dis- 
advantages in  early  marriage,  and  that  the  most  ]>rudent  course  was 
to  follow  their  natural  instincts. 

We  have  now  to  consider  the  probable  gain  in  the  number  and  worth 
of  adult  offspring  to  these  favored  couples.  First,  as  regards  the  effect 
of  reducing  the  age  at  marriage.  There  is  unquestionably  a  tendency 
among  cultui-ed  women  to  delay  or  even  to  abstain  from  marriage;  they 
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dislike  the  sacrifice  of  freedom  and  Icisiin'.  uf  opportunities  for  study, 
Hiid  of  cuUured  eonii»nioiiship.  This  has  to  he  I'CH-koned  witb.  I 
beard  of  the  reply  of  u  lady  official  of  a  college  for  women  to  a  visitor 
nbo  inquired  lu  to  the  after  life  of  the  students.  She  answered  that 
one-third  profited  by  it,  another  third  gained  little  good,  and  a  third 
were  failures.  "But  what  becomes  of  the  failuresC  "Oh,  they 
marry," 

There  appears  to  be  a  con«iderabIe  difference  Iwtween  the  earlioit  age 
at  which  it  is  physiologically  desirable  that  a  woman  should  marry  and 
that  at  which  the  ablest,  or  at  least  the  mo»t  cultured,  women  usually  do. 
Acceleration  in  the  time  of  marriage,  often  amounting  to  seven  yeai-s, 
as  from  2^  or  ^29  to  21  or  2^,  under  influences  such  as  those  mentioned 
above  is  by  no  means  iraprobable.  What  would  Ihs  its  cfl'ect  on  pro- 
ductivity i     It  might  be  expected  to  act  in  two  ways — 

(1)  By  shortening  each  generation  by  an  amount  roughly  propor- 
tionate to  the  diminution  in  age  at  which  marriage  o<'curs.  Supijose 
the  span  of  each  generation  to  i».  shortened  ()y  one-sixth,  so  that  six 
take  the  place  of  five,  and  that  the  productivity  of  each  marriage  is 
unaltered,  it  follows  that  one-sixth  more  children  will  t>e  brought  into 
the  world  during  the  same  time,  which  is.  roughly,  equivalent  to 
increasing  the  productivity  of  an  unshortcned  generation  by  that 
amounL 

(2)  By  saving  from  eortein  barrenness  the  earlier  pai't  of  tiie  child- 
bearing  period  of  the  woman.  Authorities  differ  so  much  as  to  the 
direct  gain  of  fertility  due  to  early  marriage  that  it  is  dangerous  to 
express  an  opinion.  The  large  and  thriving  families  that  I  have  known 
were  the  offspring  of  mothers  who  married  very  young. 

The  next  influence  to  t>e  considered  is  that  of  healthy  homes.  These 
and  a  simple  life  certainly  conduce  to  fertility.  They  also  act  indi- 
rectly by  preserving  lives  that  would  otherwise  fail  to  reach  adult  age. 
It  is  not  necessarily  the  weakest  who  perish  in  this  way — for  instance, 
zymotic  disease  falls  indistTiminately  on  the  weak  and  the  strong. 

Again,  the  chiidi-en  would  be  heulthior  and  tbei-efore  more  likely  in 
their  turn  to  l»ecome  parents  of  a  healthy  stock.  The  great  danger  to 
high  civilizations,  and  remarkably  so  to  our  own,  is  the  exhaustive 
drain  upon  the  rural  districts  to  supply  large  towns.  Those  who  come 
up  to  the  towns  may  produce  large  families,  but  there  is  much  reason 
to  Iwlieve  that  these  dwindle  away  in  subsequent  generations.  In 
short,  the  towns  .sterilize  rural  vigor. 

As  one  of  the  reasons  for  choosing  the  selected  chiss  would  be  that 
of  hereditary  fertility,  it  follows  that  the  selected  class,  would  respond 
more  than  other  classes  to  the  above  influences. 

I  do  not  attempt  to  appraise  the  strength  of  the  combined  six  influ- 
ences just  described.  If  each  added  one-sixth  to  the  produce  the  num- 
ber of  offspring  would  be  doubled.    This  does  not  seem  impossible, 
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considering  the  ki^e  families  of  colonists,  and  of  those  in  many  rui-al 
districts;  but  it  i»  a  liigli  estimate.  Perhaps  the  faii'cst  approximation 
may  be  that  these  influences  would  ('aii;4e  the  X  women  to  hi'ing  into 
the  world  an  average  of  one  adult  sun  and  one  adult  daughter  in  addi- 
tion to  what  they  would  otherwise  have  produced.  The  table  of  descent 
applies  to  one  son  or  to  one  daughter  per  couple;  it  may  now  be  read 
as  specifying  the  net  gain  and  showing  its  distribution.  Should  this 
estimate  be  thought  too  high,  the  results  may  be  diminished  accordingly. 
It  is  no  absurd  idea  that  outside  influences  should  hasten  the  age  of 
marrying  and  make  it  customary  for  the  l)est  to  marry  the  best.  A 
auperficial  objection  is  sure  to  be  urged  that  the  fancies  of  young  peo- 
ple are  so  incalculable  and  so  irresistible  that  they  can  not  be  guided. 
Ko  doubt  they  are  ao  in  some  exceptional  cases.  I  lately  heard  from  a 
lady  who  belonged  to  a  county  family  of  position  that  a  great  aunt  of 
hers  had  scandalized  hei-  own  domestic  circle  two  generations  ago  by 
falling  in  love  with  the  undertaker  at  her  father's  funeral  and  insisting 
on  marrying  him.  Strange  vagaries  occur,  but  considerations  of  sot^ial 
position  and  of  fortune,  with  fi-equcnt  opportunities  of  intercoui-sc, 
tell  much  more  in  the  long  run  than  sudden  fancies  that  want  roots. 
In  a  community  deeply  impressed  with  the  desire  of  encouraging  mar- 
riages between  pei*s«ns  of  equally  high  ability  the  social  pressui-e 
directed  to  produce  the  desired  end  would  Ihs  so  great  as  to  insure  a 
notable  amount  of  succcs.s. 

rROPlT   ASI>   LOSS. 

The  problem  to  be  solved  now  assumes  a  clear  shape.  A  child  of 
the  X  class  (whatever  X  signifies)  would  have  been  worth  so  and  so 
at  its  birth,  and  one  of  each  of  the  other  grades,  respectively,  would 
have  Iwen  worth  so  and  so;  100  X  parentages  can  he  made  to  produce 
a  net  gain  of  100  adult  sons  and  100  adult  daughters  who  will  be  dis- 
ributcd  among  the  classes  according  to  the  standard  table  of  descent. 
The  total  ^'alue  of  the  pi'ospcctive  produce  of  the  100  parentages  can 
then  be  estimated  by  an  actuary,  and  consequently  the  sum  that  it  is 
legitimate  to  spend  in  favoring  an  X  parentage.  The  clear  and  dis- 
tinct statement  of  a  prol)lem  is  often  more  than  halfway  toward  its 
solution.  There  seems  no  reason  why  this  one  should  not  l)e  solved 
between  limiting  values  tliat  are  not  too  wide  apart  to  be  useful. 

EXISTING  ACTIVITIES. 

Leaving  aside  profitable  exi)enditure  from  a  purely  money  point  of 
view,  the  existence  should  be  Imrne  in  mind  of  immense  voluntary 
activities  that  have  nobler  aims.  The  annual  voluntary  contributions 
in  the  British  isles  to  public  charities  alone  amount,  on  the  lowest 
computation,  to  ^1+,000,000,  a  sum  which  Sir  H.  Burdett  asserts  on 
good  grounds  is  by  no  means  the  maximum  obtainable.  (Hospitals 
and  Charities,  ISI'8,  p.  85.) 
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There  are  other  netivities  long  since  existing  which  might  well  be 
extended.  1  will  not  dwell,  a^  1  am  tempted  to  do,  on  the  endowments 
of  scholarships  and  the  like,  which  aim  at  findinjr  am)  educating  the 
fittest  youthy  for  the  work  of  the  nation;  but  I  wHl  refer  to  that  whole- 
some pi-actiee  during  all  ages  of  wealthy  iiersons  interesting  themselves 
in  and  befriending  poor  but  promising  lads.  The  numb<^r  of  men  who 
have  owed  their  start  in  a  successful  life  to  help  of  this  kind  must  have 
struck  every  reader  of  biographies.  This  relationship  of  bef  iiender  and 
befriended  is  hardly  to  be  expressed  in  English  by  a  simple  word  that 
does  not  connote  more  than  is  intended.  The  word  "patron"  Is  odious. 
Recollecting  Dr.  Johnson's  abhorrence  of  the  patrons  of  his  day,  I 
turned  to  an  early  edition  of  his  dictionary  in  hope  of  deriving  some 
amusement  as  well  as  instruction  from  his  definition  of  the  word,  and  I 
was  not  disappointed.  He  defines  "patron  "as  "a  wretch  who  supports 
with  insolence  and  is  i-epaid  with  flattery."  That  is  totally  opposed 
to  what  I  would  advocate,  namely,  a  kindly  and  honorable  relation 
between  a  wealthy  man  who  has  made  his  position  in  the  world  and  a 
youth  who  is  avowedly  his  equal  in  natural  gift*,  but  who  has  yet  to 
make  it.  It  is  one  in  which  each  party  may  well  take  pride,  and  I 
feel  sure  that  if  itf*  value  were  more  widely  understood  it  would  become 
commoner  than  it  is. 

Many  degrees  may  bo  imagined  that  lie  between  mere  bcf  ricndment 
and  actual  adoption,  and  which  would  be  more  or  less  effective  in  free- 
ing capable  youths  from  the  hindrances  of  narrow  circumstances,  in 
enabling  girls  to  marry  early  and  suitably,  and  in  securing  favor  to 
their  sulwequeht  offspring.  Something  in  this  direction  is  commonly 
but  half  unconsciously  done  by  many  great  landowners  whose  employ- 
ments for  man  and  wife,  together  with  good  cottages,  are  given  to 
exceptionally  deserving  couples.  The  advantage  of  being  connected 
with  a  great  and  liberally  managed  estate  being  widely  appreciated, 
there  are  usually  more  applicants  than  vacancies,  so  selection  can  be 
exercised.  The  consequence  is  that  the  class  of  men  found  upon  these 
properties  is  markedly  superior  to  those  in  similar  positions  elsewhere. 
It  might  well  l>ecome  point  of  honor,  and  as  much  an  avowed  object, 
for  noble  families  to  gather  fine  specimens  of  hnmanity  around  them 
as  it  is  to  procure  and  maintain  fine  breeds  of  cattle,  etc.,  which  are 
costly,  but  repay  in  satisfaction. 

There  is  yet  another  existing  form  of  princely  benevolence  which 
might  Ik;  so  extended  as  to  exercise  a  large  effect  on  mce  impi-ovement. 
I  mean  the  provision  to  exceptionally  promising  young  couples  of 
healthy  and  convenient  houses  at  low  rentals,  A  continually  renewed 
settlement  of  this  kind  can  lie  ea.sily  imagined,  free  from  the  taint  of 
patronage  and  analogous  to  colleges,  with  their  self-elected  fellowships 
and  rooms  for  residence  that  shall  become  an  exceedingly  desirable 
residence  for  a  si»ecified  time.  It  would  be  so  in  the  same  way  that  a 
good  club  by  its  own  social  advantages  attracts  desirable  candidates. 
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The  tone  of  the  place  would  be  higher  than  clsewhcic  on  acco 
of  the  high  quality  of  the  inmateis,  and  it  would  be  distinguiuhed 
an  air  of  onei^y,  intelligence,  health,  and  self-respect,  and  by  niut 
helpfulness. 

PROSPECTS. 

It  is  pleasant  to  contrive  Utopias,  and  I  have  indulged  in  many 
which  a  great  society  is  one,  publishing  intetligenee  and  memoirs,  hi 
ing  yearly  elections,  administering  large,  funds,  estalilishing  pers< 
relations  like  a  missionary  society  with  it*i  missionaries,  keep 
elaborate  registers  and  discussing  them  statistically  with  hoi 
precision.  But  the  Krst  and  pressing  point  is  to  thoroughly  jus 
any  crusade  at  all  in  favor  of  race  improvement.  More  is  wante( 
the  way  of  unbiased  scientific  inquiry  along  the  many  roads  I  1: 
hurried  over  to  make  every  stepping-stone  safe  and  secure,  an< 
make  it  certain  that  the  game  is  really  worth  the  candle.  All  I  < 
hope  to  effect  by  this  lecture  Is  to  prove  that  in  seeking  for 
improvement  of  the  race  we  aim  at  what  is  apparently  possibl 
accomplish,  and  that  wc  are  justified  in  following  every  path 
resolute  and  hopeful  spirit  that  seems  to  lead  toward  that  end. 
magnitude  of  the  inquiry  is  enormous,  but  it«  object  is  one  of 
highest  man  <Mn  accomplish.  The  fm'ulties  of  future  generations 
m^cesaarily  be  distributed  according  to  laws  of  heredity,  whose  st 
tical  effects  are  no  longer  vague,  for  they  are  measured  and  expre 
in  foniiulaj.  We  can  not  doubt  the  exi.stencc  of  a  great  power  ri 
to  hand  and  capable  of  being  directed  with  vast  benefit  an  soon  a; 
shall  have  learned  to  understand  and  apply  it.  To  no  nation  is  a  I 
human  breed  more  necessary  than  to  our  own,  for  we  plant  our  s 
all  over  the  world  and  lay  the  foundation  of  the  dispositions 
capacities  of  future  millions  of  the  human  race. 
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THK  FIRK  WALK  CEKKMONY  IN  TAHITI." 


Bv  S.  P.  Lamh.ky. 


The  very  remarkable  description  of  the  liie  walk  coIlecU-'d  by  Mr. 
Andrew  Lang  and  others  had  arouaed  a  curiosity  in  me  to  witness  the 
original  ceremony,  which  I  have  lately  been  able  to  gi-atify  in  a  visit 
to  Tahiti. 

Among  these  notable  accounts  is  one  by  Colonel  Gudgeon,  British 
resident  at  Kamtonga,  ddscribing  the  experiment  bj-  a  man  from 
Kniatea,  and  also  a  like  account  of  the  Fiji  tire  ceremony  from  Dr.  T. 
M.  Hocken,  whose  article  is  also  quoted  in  Mr.  Lang's  paper  on  the 
"Fire  Walk,"  in  the  Proceedings  of  the  Society  for  Psychical 
Research,  Febmary,  1900.  This  extraordinary  rite  is  also  described 
by  Mr.  Fi-aser  in  the  Golden  Bough,  and  by  others. 

I  had  heard  that  it  was  jierformed  in  Tahiti  in  1897,  and  several 
I>ersons  there  assured  me  of  their  having  seen  it,  and  one  of  them  of 
his  having  walked  through  the  fire  himself  under  the  guidance  of  the 
priest,  Papa-Ita,  who  is  said  to  be  one  of  the  last  remnants  of  a  cer- 
tain oi'der  of  the  priesthood  of  Raiatea,  and  who  had  also  performed 
the  rite  at  the  island  of  Hawaii  some  time  in  the  present  j'car.  of 
which  circumstantial  newspaper  accounts  wei"e  given,  agreeing  in  all 
essential  particulars  with  those  in  the  accounts  already  cited.  Accord- 
ing to  these,  a  pit  was  dug  in  which  large  stones  were  heated  red-hot 
by  a  tire  which  had  been  burning  many  hours.  The  upper  stones 
were  pushed  away  just  before  the  ceremony,  so  as  to  leave  the  lower 
stones  to  tread  upon,  and  over  these,  "glowing  red-hot"  (according 
to  the  newspaper  accounts),  Papa-Ita  had  walked  with  naked  feet, 
exciting  such  enthusiasm  that  he  wa.s  treated  with  great  consideration 
by  the  whites,  and  by  the  natives  as  a  god.  I  found  it  commonly 
believed  in  Tahiti  that  anyone  who  chose  to  walk  after  him,  European 
or  native,  could  do  so  in  safety,  secure  in  the  magic  which  he  exer- 
cises, if  his  instructions  were  exactly  followed.  Here  in  Tahiti,  where 
he  had  "  walked'"  four  years  before,  it  was  generally  believed  among 
the  natives,  and  even  among  the  Europeans  present  who  had  seen  the 
ceremony,  that  if  anyone  turned  around  to  look  back  he  immediately 
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way  tmrned,  and  I  was  told  that  all  those  who  followed  him  through 
the  lire  were  cxpe<'ted  not  to  turn  until  they  hud  reached  the  other 
side  in  safety,  when  he  again  enteivd  the  fii-e  and  led  them  back  l)y 
the  path  by  which  he  had  i-oidc.  I  was  further  told  by  several  who 
had  tided  it  that  the  heat  was  not  felt  iii>un  the  feet,  and  that  when 
shoes  were  worn  the  soles  were  not  burned  (for  those  who  followed 
the  priest's  directions),  but  it  was  added  by  all  that  much  heat  waK 
felt  about  the  head. 

Su<-h  absolutely  extraordinary  accounts  of  the  performance  had  b^'cn 
given  to  me  by  respectable  eyewitne.iiws  and  shaiei's  in  the  trial,  con- 
firming those  given  in  Hawaii,  and,  in  the  main,  the  cases  cited  by  Mr. 
Lang,  that  1  could  not  doubt  that  if  ail  these  were  verified  by  my  own 
ol>servation,  it  would  mean  nothing  less  to  me  than  a  departure  from 
the  customary  order  of  nature  and  something  very  well  worth  seeing 
indeed. 

I  was  glad,  therefore,  to  meet  personally  the  priest,  Papa-lta.  He 
is  the  finest  looking  native  that  I  have  seen;  tall,  dignified  in  bearing, 
with  unusually  intelligent  features.  1  learned  from  him  that  he  would 
perform  the  ceremony  on  Wednesday,  July  17,  the  day  before  the 
sailing  of  our  ship.  I  was  ready  to  provide  the  cost  of  the  tire,  if  he 
could  not  obttiin  it  otherwise,  but  this  proved  to  be  unnecessary. 

Papa-lta  himself  spoke  no  English,  and  I  conversed  with  bim  briefly 
through  an  intcrpretei".  He  said  that  he  walked  over  the  hot  stones 
without  danger  by  virtue  of  spells  which  he  wa.s  able  to  utter  and  by 
the  aid  of  a  goddess  (or  devil  as  my  interpreter  bad  it),  who  was 
formerly  a  native  of  the  islands.  The  spells,  he  said,  were  something 
which  he  could  teach  another.  1  was  told  by  others  that  there  waM  a 
still  older  priest  in  the  island  of  Raiatea.  whose  disciple  he  was, 
although  he  had  pupils  of  his  own,  and  that  he  could  ^'send  his  spirif 
to  Itaiatea  to  secure  the  permission  of  his  senior  priest  if  necessary. 

In  answer  to  my  inquiry  as  to  what  preparations  he  was  going  to 
make  for  the  rite  in  the  two  or  three  days  Itefore  it,  he  said  he  was 
going  to  pass  them  in  pmyer. 

The  place  selected  for  the  ceremony  fortunately  was  not  far  from 
the  ship.  I  went  there  at  noon  and  found  that  a  liii'ge  shallow  pit 
or  trench  had  been  dug,  about  9  by  '21  feet  and  al)out  2  feet  deep. 
Lying  nearby  wius  a  pile  containing  some  cords  of  rough  wood  and  a 
pile  of  rounded  water-worn  stones,  weighing.  J  should  think,  from 
40  to  SO  pounds  apiece.  They  were,  (xtrhaps,  '2W  in  numlwr,  and  all 
of  porous  Imsalt,  a  fixture  the  im|X)rtance  of  which  will  he  seen  later. 
The  wood  was  piatred  in  the  tren<rh,  the  fire  was  light^'d  and  the  stones 
heaped  on  it,  as  I  was  told,  directly  after  I  left,  or  at  about  la  o'clock. 

At  i  p.  111.  I  went  over  again  and  found  the  preparations  very  nearly 
complete.  The  fire  had  Iwen  burning  for  nearly  four  hours.  The 
outer  atones  touched  the  ground  only  at  the  edges  of  the  pile,  where 
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they  did  not  burn  my  hand,  liut  as  they  approached  the  center  the 
stones  were  heaped  up  into  a  mound  three  or  four  layers  deep,  at 
whi(?h  point  the  lowest  layers  jseen  between  the  upper  ones  were  visibly 
red-hot.  That  these  latter  were,  nevertheless,  sending  out  eonsiderable 
hoat  there  could  be  no  question,  though  the  topmost  stones  were  cer- 
tainly not  red-hot,  while  those  at  the  liottom  were  visibly  so  and  were 
oi-easionally  splitting  with  loud  reports,  while  the  flames  from  the 
burned  wood  near  the  center  of  the  pile  passed  up  in  visible  lambent 
tongues,  both  circumstances  contributing  to  the  effect  upon  the  excited 
bystanders. 

The  upper  stones,  I  repeat,  even  where  the  topmost  were  presently 
removed,  did  not  show  any  glow  to  the  eye,  but  were  unquestionably 
very  hot  and  certainly  looked  unsafe  for  naked  feet.  Native  feet,  how- 
ever, are  not  like  Kuropean  ones,  and  Mr.  Richardson,  the  chief  engi- 
neer of  the  ship,  mentioned  that  he  had  himself  seen  elsewhere  natives 
standing  un<»ncerned  with  naked  feet  on  the  cover  of  pipes  conveying 
steam  at  about  300-  F.,  where  no  European  foot  couid  even  lightly 
rest  for  a  minute.  The  stones  then  were  hot.  The  crucial  question 
was.  How  hot  was  the  upper  part  of  this  upper  layer  on  which  the  feet 
were  to  rest  an  instant  in  i>a.ssiiig?  I  could  think  of  no  ready  thernio- 
metric  method  that  could  give  an  absolutely  trustworthy  answer,  but 
I  could  possibly  determine  on  the  spot  the  thermal  equivalent  of  one 
of  the  hottest  stones  trodden  on.  (It  was  subsequently  shown  that  the 
stone  might  be  much  cooler  atone  part  than  another.)  Most  obviously, 
even  this  was  not  an  easy  thing  to  do  in  the  circumstances,  but  I 
decided  to  try  to  get  at  least  a  trustworthy  approximation.  By  the 
aid  of  Chief  Engineer  Richardson,  who  attended  with  a  stoker  and  one 
of  the  quartermasters,  kindly  detailed  at  my  request  bj-  the  ship's 
master.  Captain  Lawless,  I  prepared  for  the  rough  but  conclusive 
experiment  presently  described. 

It  w&s  now  nearly  forty  minutes  after  +,  when  six  acolytes  (natives), 
wearing  crowns  of  flowers,  wi-eathed  with  garlands  and  bearing  poles 
nearly  15  feet  long,  ostensibly  to  be  used  as  levers  in  toppling  over 
the  upper  Etonos,  appeared.  They  weie  supposed  to  need  such  long 
poles  because  of  the  distance  at  which  they  must  stand  on  account  of 
the  heat  radiated  from  the  pile,  but  I  had  walked  close  beside  it  a 
moment  before  and  satisfied  myself  that  I  could  hare  manipulated  the 
stones  with  a  lever  of  one-third  the  length,  with  some  discomfort,  but 
with  entire  safety.  Some  of  the  uppermost  stones  only  were  turned 
over,  leaving  a  superior  layer,  the  long  poles  being  needlessly  thrust 
down  between  the  stones  to  the  bottom,  wlicre  two  of  them  caught  fire 
at  their  extremities,  adding  very  much  to  the  impression  that  the 
exposed  layer  of  stones  was  red  hot,  when  in  fact  they  were  not,  at 
least  to  the  eye.  These  long  poles  and  the  way  they  wei-e  handled 
were,  then,  a  part  of  the  ingenious  "staging'"  of  the  whole  spectacle. 
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Now  the  most  impressive  part  of  the  ceremony  began.  Papa-Ita, 
tall,  dignified,  flowor-crownod.  and  dressed  with  garlands  of  flowers, 
appeared  with  naked  feet  and  with  a  large  bush  of  'Hi"  leaves  in  his 
hands,  and  after  going  partly  around  the  fire  each  way,  utteiing  what 
seemed  to  be  commands  to  it,  went  back,  and,  beating  the  stonea  nearest 
him  three  times  with  the  ti  leaves,  advanced  steadily,  but  with 
obviously  hurried  step,  directly  over  the  centra!  ridge  of  the  pile. 
Two  disciplof.  similarly  dressed,  followed  him,  but  they  had  not  the 
courage  to  do  so  directly  along  the  heated  center.  They  followed 
about  halfway  lietween  the  center  and  the  edge,  where  the  stonos 
were  manifestly  (fooler,  since  I  had  satisfied  myself  that  they  could  be 
touched  lightly  with  the  hand.  Papa-Ita  then  turned  and  led  the  way 
back,  tliis  time  with  deliberate  confidence,  followed  on  his  return  by 
several  new  disciples,  most  of  them  not  keeping  exat^tly  in  the  steps 
of  the  leader,  but  obviously  seeking  cooler  places.  A  third  and 
fourth  time  Papa-Ita  crossed  with  a  lai^r  following,  after  which 
many  Europeans  present  walked  over  the  stones  without  reference  to 
the  priest's  instructions.  The  natives  were  mostly  in  their  bare  feet. 
One  wore  stockings.  No  European  attempted  to  walk  in  bare  feet, 
except  in  one  case— that  of  a  boy,  who,  I  was  told,  found  the  stones 
too  hot  and  immediately  stepped  back. 

The  misc  en  sc^ne  was  cei'tainly  noteworthy.  The  site  near  the 
great  ocean  breaking  on  the  barrier  reefs,  the  excited  crowd  talking 
about  the  "Hed-hot"  stones,  the  actual  sight  of  the  hierophant  and 
his  acolytes  making  the  passage  along  the  ridge  where  the  occasional 
tongues  of  flame  were  seen  at  the  center,  with  all  the  attendant  cir- 
cumstances, made  up  a  scene  in  no  way  lacking  in  int<;rest.  Still,  the 
essential  question  as  to  the  actual  heat  of  these  stones  had  not  yet  been 
answered,  and  aft«r  the  fourth  passage  1  aeoiired  Papa-lta's  permission 
to  remove  from  the  middle  of  the  pile  one  stone,  which,  from  ifc*  size 
and  position,  every  foot  had  rested  upon  in  crossing  and  which  was 
undoubtedly  at  least  as  hot  as  any  one  of  those  trodden  on.  It  was 
pulled  out  l)y  my  assistants  with  difficulty,  as  it  proved  to  be  larger 
than  I  had  expected,  it  being  of  ovoid  shape,  with  the  lower  end  in  the 
hottest  part  of  the  fire,  I  had  brought  over  the  largest  wooden 
bucket  which  the  ship  had  and  which  was  half  tilled  with  water,  expect- 
ing that  this  would  cover  the  stone,  but  it  proved  to  be  hardly  enough. 
The  stone  caused  the  water  to  rise  nearly  to  the  top  of  the  bucket,  and 
it  wa«  thrown  into  such  violent  ebullition  that  a  great  deal  of  it  boiled 
over  and  escaped  weighing.  The  stone  was  an  exceedingly  bad  con- 
ductor of  heat,  for  it  continued  to  boil  the  water  for  alnjut  twelve 
minutes,  when,  the  ebullition  Iwing  nearly  over,  it  was  removed  to  the 
ship  and  the  amount  of  evaporat^'d  water  measured. 

Meanwhile  others,  as  I  have  said,  began  to  walk  over  the  stones 
without  any  reference  to  the  ceremonj'  prescribed  by  Papa-Ita,  and 
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three  op  four  persons,  whom  I  personally  knew  on  board  the  ship,  did 
so  in  shoes,  the  soles  of  which  were  not  burned  at  all.  One  of  the 
gentlemen,  however,  who  crossed  over  with  unbiirned  shoes,  showed 
me  that  the  ends  of  his  trousers  had  been  burnt  by  the  tlames  which 
leaped  up  between  the  stones,  and  which  at  all  times  added  ho  much 
to  the  impressiveness  of  the  speetei'le;  and  there  was  no  doubt  that 
anyone  who  stumbled  or  got  a  foot  caught  between  the  hot  stones 
might  have  been  badly  burned.  United  States  Deputj'  CoriMul  Ducor- 
ran,  who  was  present,  remarked  to  me  that  he  knew  that  Papa-Ita  had 
failed  on  a  neighboring  island,  with  stones  of  a  marble-like  quality, 
and  he  offered  to  test  the  heat  of  these  basaltic  ones  by  seeing  how 
long  he  could  remain  on  the  hottest  part  of  the  pile,  and  he  stood 
there,  in  ray  sight,  from  eight  to  ten  seconds  before  he  felt  the  heat 
through  the  thin  soles  of  his  shoes  l>eginning  to  bo  unpleasantly  warm, 

A  gentleman  present  asked  Papa-Ita  why  he  did  not  give  an  exhibit 
that  would  be  i-onvincing  by  placing  his  foot,  even  for  a  few  seconds, 
between  two  of  the  red-hot  stones  which  could  l»c  seen  glowing  at  the 
bottom  of  the  pile,  to  which  Paj>a-Itji  replied  with  dignity.  "My 
fathers  did  not  tell  me  to  do  it  that  way."  1  asked  him  if  he  would 
hold  one  of  the  smaller,  upper  hot  stoneii  in  his  hand.  He  promised 
to  do  so,  but  he  did  not  do  it. 

The  outer  barriers  were  now  removed  and  a  crowd  of  natives  pressed 
in.  I,  who  was  taking  these  notes  on  the  spot,  left,  after  assuring 
myself  that  the  stones  around  the  edge  of  the  pit  were  comparatively 
cold,  although  the  center  was  no  doubt  very  hot,  and  those  below  red- 
hot.  The  i-eal  question  is,  I  repeat.  How  hot  were  those  trodden  on? 
and  the  answer  to  this  I  was  to  try  to  obtain  after  measuring  the 
amount  of  water  boiled  away. 

On  returning  to  the  ship  this  was  estimated  from  the  water  which 
was  left  in  the  bucket  (after  allowing  for  that  spilled  over)  at  atout 
10  pounds.  The  stone,  which  it  will  be  i-emembercd  was  one  of  the 
hottest,  if  not  the  hottest,  in  the  pile,  was  found  to  weigh  65  pounds, 
and>to  have  evaporated  this  quantity  of  water.  It  was,  as  1  have  said, 
a  volcanic  stone,  and  on  minuter  examination  proved  to  l>e  a  vesicular 
basalt,  the  most  distinctive  feature  of  which  was  its  porosity  and  non- 
conductihility,  for  it  was  subsequently  found  that  it  could  have  Ween 
heated  red-hot  at  one  end,  while  remaining  comparatively  cool  at  the 
top.  I  brought  a  piece  of  it  to  Washington  with  me  and  there  deter- 
mined it.s  specilic  gravity  to  be  2.39,  its  specific  heat  0,19,  and  its  con- 
ductivity to  be  so  extremely  small  that  one  end  of  a  small  fragment 
could  be  held  in  the  hand  while  the  other  was  heated  indefinitely  in 
the  Hamc  of  a  bJowpipe,  almost  like  a  stick  of  sealing  wax.  This 
partly  defeated  the  aim  of  the  experiment  (to  Hnd  the  tempei-ature  of 
the  upper  part  of  the  stone),  since  only  the  uiean  temperature  was 
found.    This  mean  temperature  of  the  hottest  stone  of  the  upper  layer, 
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as  doduf.pd  fi-om  the  aliove  dutii,  wns  al>out  l,2iXI^  F.,  but  the  temper- 
ature of  the  surface  must  have  been  indefinitely  lower.  The  tem- 
perature at  which  such  a  stone  l>egins  to  Hhow  a  dull  red  in  daylight 
is,  so  far  as  I  aui  aware,  not  exactly  determined,  but  i»  approximately 
1,300  to  1,4110'=  F. 

To  eom-lude,  I  could  entertain  no  doubt  that  I  had  witnessed  sub- 
stantially the  scenes  described  by  the  gentlemen  cited,  and  1  have 
renHon  to  believe  that  1  saw  a  very  favorable  specimen  of  a  fire  walk. 

It  was  a  sight  well  worth  seeing.  It  was  a  most  clever  and  interest- 
ing piece  of  savage  magic,  but  from  the  evidence  I  have  just  given  I 
am  obliged  to  say  (almost  regretfully)  that  it  was  not  a  miracle. 
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By  S.  P.  Lanolet. 


We  say  that  nature  is  unchanging,  and  so  perhaps  it  is,  in  the  eye 
of  sonip  eternal  beinjf,  but  not  in  ours,  for  the  things  that  we  see  from 
day  to  day,-  appear  p^nnanent  only  by  ooinparison  to  the  duration  of 
our  own  brief  life,  and  our  own  little  experience. 

An  inhabitant  of  the  land  where  nature  hav  just  passed  through  such 
an  awful  convulsion,  with  a  loss  of  life  greater  for  so  short  a  time 
than  history  h&s  ever  recorded,  might  have  said  in  he  morning  that 
nature  never  changes,  because  it  had  never  changed  in  his  own  little 
experience:  but  he  would  not  have  said  so  at  that  day's  close.  Xow 
the  experience  of  the  entire  human  race  is  far  briefer  relative  to 
nature'^  duration  than  that  of  one  of  these  islanders,  who  knew  the 
green  mountain  with  its  fresh  lakes  only  as  a  platre  of  quiet  rest  up  to 
the  moment  when  the  gates  of  hell  were  opened  beneath  it. 

Nature,  then,  really  changes,  and  would  apparently  do  so  if  man 
were  not  here;  for  it  is  not  man's  varying  thoughts  about  nature  that 
make  her  change.  But  there  is  something  quite  different  from  nature 
which  docs  change  because  of  man,  and  which  apparently  would  not 
change  if  he  were  not  here.  This  is  what  he  calls  the  'laws  of  nature.' 
The  assumption  that  there  are  such  things  is  due  to  him,  and  such 
'laws'  are  known  only  through  his  mind,  in  which  alone  nature  is 
seen. 

It  is  perhaps  an  hard  saying  to  most  that  there  are  no  such  things 
as  'laws  of  nature';  but  this  is  the  theme  on  which  I  have  to  speak. 

These,  tb«'n,  are  the  laws  of  his  own  mind,  or  the  etfe^ts  of  his  own 
mind,  which  he  projects  outside  of  himself  and  imagines  to  be  due  to 
some  permatient  and  unaltei-able  cause  having  an  independent  existence: 
and  thi.s,  not  only  because  his  season  for  observation  is  but  a  moment  in 
the  passage  of  nature's  eternal  year,  but  because  with  his  pathetic  sense 
of  his  own  weakness,  he  would  gladly  stay  himself  on  the  word  of  some 
unchanging  being.  It  is  because  this  sense  of  dependence  is  strangely 
joined  with  such  self-conceit  that  when  he  listens  to  what  he  himself 
says,  he  calls  it  the  voice  of  God.  From  these  twin  causes,  arising  both 
from  his  inability  as  a  creature  of  time  to  observe  what  is  eternal,  and 
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again  from  his  own  o\erwpening  sense  of  his  own  capacity,  he  looks 
for  some  immutable  being  whom  he  believes  to  have  written  man's 
own  ideas  in  what  he  calls  'the  book  of  nature.' 

I  am  not  questioning  the  existence  of  such  a  being  as  the  'Author  of 
Nature' ;  but  asking  if  such  a  volume  as  is  imputed  to  him,  ever  i-cally 
existed.  The  very  phrase,  'book  of  nature'  is  a  legacy  from  moribund 
medieval  notions  of  a  lawgiver;  and  it,  with  the  vitality  of  words 
which  carry  to  us  dying  ideas,  has  lived  on  to  our  own  time,  when  we 
can  no  longer  believe  it,  although  it  is  still  ui)on  our  lips,  and  to  con- 
vince ourselves  of  this  we  need  only  pause  a  moment  to  ask  the 
simple  question  whether  there  is  any  authority  who  has  pi-epared  a 
clearly  written  book  of  statutes,  in  which  we  can  really  read  nature's 
laws. 

The  question  answers  itself,  ■ 

I  repeat  that  I  am  not  denying  here  the  existence  of  such  a  being  as 
the  imputed  author  of  these  laws,  but  say  that,  ignorant  as  we  are  of 
what  is  l>eing  done  by  him,  we  cannot  read  his  thoughts  in  our 
momentary  vision  of  what  is  forever  pa.ssing. 

"For  my  thoughts  are  not  your  thoughts,  neither  arc  your  waya 
my  ways,  saith  the  Lord,"  is  a  caution  which,  whether  l)elievers  or  not, 
would  not  harm  us  to  consider;  and  when  we  -say  that  these  '  thoughts' 
are  written  in  '  the  book  of  nature,'  this  cannot  mean  that  they  arc 
legible  there  as  in  a  statute  book  where  he  who  runs  may  i-cad.  If 
nature  is  to  be  compared  to  a  book  at  all,  it  is  to  a  l)ook  in  the  hands  of 
infants  to  whom  it  conveys  little  meaning,  for  such  are  we;  or  i-atber 
it  is  like  a  'book  of  celestial  hieroglyphs,  of  which  even  pi-ophets  are 
happy  that  they  can  read  here  a  line  and  there  a  line.' 

I  hope  what  I  am  trying  to  say  may  not  bear  the  appearance  of 
some  metaphysical  refinement  on  common  sense.  It  is  common  sense 
that  is  intended,  and  the  Maws  of  nature'  that  seem  to  me  to  be  8 
metaphysical  phnise. 

To  decorate  our  own  guesses  at  nature's  meaning  with  this  name 
is  a  presumption  due  to  our  own  feeble  human  nature,  which  we  can 
forgive  for  demanding  something  more  permanent  than  itself,  but 
which  also  leads  us  to  have  such  an  exalted  conceit  of  our  own  opinions, 
as  to  hide  from  ourselves  that  it  is  these  very  opinions  which  we  call 
nature's  laws. 

The  history  of  the  past  shows  that  once,  most  philosophers,  even 
atheists,  thus  regarded  the  '  Laws  of  Nature.'  not  as  their  own  inter- 
pretations of  her.  but  as  something  external  to  themselves,  as  entities 
partaking  the  attributes  of  Deity — entities  which  they  deified  in  print 
with  capital  letters — as  we  sometimi-s  do  still,  though  these  '  Iaws' 
now  are  shorn  of  'the  glories  of  their  birth  and  state'  which  they 
once  wore,  and  are  not  turning  out  to  be  "substantial  things.' 

But  are   there  not  really  thini^s  {like  the  fact  of  gravitation,  for 
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instance)  externa,  to  ourselves,  which  would  exist  wnether  we  were 
here  or  not,  and  which  are  part  of  the  order  of  nature)  Apparently, 
yes,  but  part  of  the  l<iws  of  nature,  no! 

The  phrase  even  yet  exercises  a  wide  influence,  though  it  has  seemed 
to  mc  that  a  significant  change  is  taking  place  in  the  leader^t  of  com- 
mon opinion  with  regard  to  the  meaning  that  the  woi'ds  convey. 

I  presume  that  the  greater  proportion  of  us  here  are  interested  in 
science.  I  may  indeed  assume  that  we  all  are;  and  I  want  to  inquire 
what  lesson  for  us,  as  students  of  nature,  there  lies  in  the  fact  that  we 
are  no  longer  impressed  by  her  'laws'  as  were  the  scientific  men  of  a 
former  genei'ation. 

It  is  convenient  to  measure  the  distance  we  have  passed  over  by  the 
fact  that  one  hundred  and  fifty  yeare  ago,  one  of  the  acutest  of  reason- 
ers,  David  Hume,  published  a  still  celebrated  argument  against  mir- 
acles which  within  my  own  recollection  was  held  to  be  so  formidable 
that  those  who  were  reluctant  to  believe  in  his  conclusions  were  still 
unable  to  offer  a  good  refutation.  The  immense  numt>er  of  attempted 
refutations  and  their  contradictory  character  Ls  perhaps  the  best  testi- 
mony for  this. 

Hume  detines  a  mii'acle  as  a  violation  of  the  'laws  of  nature,'  and 
his  ai^ument,  concisely  stated,  is  that  there  aiust  'be  a  uniform  expe- 
rience against  every  miraculous  event,  otherwise  the  event  would  not 
merit  that  appellation,  and  as  a  uniform  experience  amounts  to  a 
pi-oof,  there  is  here  a  direct  and  full  proof  from  the  nature  of  the  fact 
against  the  existence  of  any  miracle.' 

Now,  while  his  argument  is  logically  as  conclusive  as  ever,  it  to-day 
convinces  only  those  who  are  anxious  to  accept  its  conclusion. 

What  is  the  reason  for  this  great  change! 

We  may  a^k  what  the  laws  of  nature  really  are,  and  pass  from  what 
they  were  thought  to  be  by  Hume,  to  what  they  are  l>eginning  to  be 
understood  to  be  by  us,  without  here  inquiring  into  the  intermediate 
steps  which  brought  the  cliange  about. 

It  seems  to  me  that  the  at^ument  which  was  conclu.sive  not  merely 
to  the  learned,  but  to  the  common  cultivated  thought  of  Hume's  time, 
has  never  been  expressly  refuted  when  its  premises  were  admitted, 
(and  the  genei'ation  following  htiu  admitted  them);  and  yet  this  com- 
pelling argument,  as  it  once  seemed,  is  gradually  losing  its  force  to 
most  minds,  not  through  counter  argument,  but  by  an  insensible 
change  of  opinion  in  the  attitude  of  the  thinking  part  of  our  public  as 
compnied  with  his,  a  change  about  cei-tain  fundamental  assumptions 
on  which  the  argument  rested, and  from  his  own  views  of  the  universe, 
to  those  we  are  beginning  to  take. 

In  the  first  place,  the  immensely  greater  number  of  things  we  know 
in  almost  every  department  of  science  lievond  those  which  were 
known   one  hundred  and  fifty  years  ago   has   had  an    effect  which 
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douhtlests  could  have  been  anticipated,  but  yet  which  we  may  not  have 
wholly  expected.  It  is,  thiit  the  more  we  know,  the  more  we  recog- 
nize our  ignorance,  and  the  more  we  have  a  sense  of  the  mystery  of 
the  universe  and  the  limitations  of  our  knowledge. 

I  believe  it  may  be  .-^aid  that  if  not  to  Hume,  at  any  rate  to  the 
majority  of  those  about  him,  and  to  his  later  contemporaries,  there 
was  very  much  less  myxtery  in  the  world  than  we  see  in  it,  and  if  it 
were  then  still  occusionally  said  that  there  were  "  things  in  heaven  and 
earth  not  dreamt  of  in  'their'  philosophy,"  these  words  must  have 
struck  on  the  self-complacent  minds  of  his  generation,  assomethingto 
be  tolerated  as  poetic  license,  rather  than  as  accurate  in  philosophic 
meaning.  Compared  with  ours,  that  whole  century  was  satisfied  with 
itaelf  and  its  knowledge  of  the  infinite,  and  content  in  its  happy  belief 
that  it  knew  nearly  everything  that  was  really  worth  knowing.  This 
'nearly  everything'  which  it  thought  it  knew  about  the  universe,  it 
called  the  'laws  of  nature.' 

It  was  to  this  belief  in  the  general  mind,  I  think,  that  the  success  of 
Hume's  ai^ument  was  due. 

The  present  generation  has  begun,  if  not  to  be  modest  or  humble, 
to  be  somewhat  less  arrogant  in  the  assumption  of  its  knowledge.  We 
are  perhaps  beginning  to  understand,  not  in  a  purely  poetical  sense, 
but  in  a  very  real  one,  that  there  may  be  all  around  us  in  heaven  and 
earth  things  beyond  measure,  of  which  'philosophy'  not  only  knows 
nothing,  but  has  not  dreamed. 

As  a  consequence  of  this,  there  is  growing  to  be  an  unspoken,  rather 
than  clearly  formulated  admission,  that  we  know  little  of  the  order  of 
nature,  and  nothing  at  all  of  the  '  laws'  of  nature. 

Now  if  we  are,  at  present  at  least,  disposed  to  speak  of  an  observed 
'order'  of  nature  (not  carrying  with  it  the  implication  of  necessity 
denoted  by  'law'),  I  think  we  have  some  reason  to  say  that  there  is  a 
prescience  of  a  change  in  common  thought  about  this  manner,  and 
that  it  is  owing  to  this  that  we  are  coming  to  be  where  we  are. 

I  do  not  know  that  there  is  a  less  wide  belief  in  the  gospel  miracles 
in  our  day,  but  if  it  were  so,  the  decline  in  the  weight  given  Hume's 
argument  is  not  due  solely  to  that,  for  it  may  surely  be  said  that  it 
was  not  merely  an  argument  against  gospel  miracles,  but  against  all 
the  prodigies  to  be  found  in  history,  sacred  and  profane,  where  he 
doubtless  had  in  mind  traditions  of  stones  falling  out  of  heaven,  cures 
wrought  by  psychological  agency,  and  the  like,  all  'superstitions'  to 
the  men  of  his  day,  who,  if  they  no  longer  believed  in  a  deity,  were 
none  the  less  shocked  by  the  culpable  existence  of  such  vulgar  beliefs 
in  conflict  with  the  deified  'laws  of  nature,'  while  such  'supersti- 
tions' have  in  our  day  become  subjects  of  raode.'^t  inquiry. 

Let  me  quote  from  a  later  writer,  whose  point  of  view  is  singularly 
different  from  that  of  Hume  and   his  contemporaries,  and  who  in 
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answer  to  the  question,  ^  What  is  a  miracle?  ^  begins  by  reminding  us 
that  the  reply  will  depend  very  much  upon  the  intelligence  of  the 
being  who  answers  it,  or  whom  the  miracle  is  wrought  for. 

"To  my  fu)T»e,  do  I  not  work  a  miracle  every  time  I  open  for  him 
an  impassable  turnpike?" 

"'But  is  not  a  real  miracle  simply  a  violation  of  the  laws  of  nature  ^ 
axk  several.  What  are  the  laws  of  nature?  'Is  it  not  the  deepest  law 
of  nature  that  she  be  constant?'  criea  the  illuminated  class.  'Is  not 
the  machine  of  the  universe  fixed  to  move  by  unalterable  rules?' 

"I  believe  that  nature,  that  the  universe,  which  no  one  whom  it  so 
pleases  can  be  prevented  from  calling  a  machine,  does  move  by  the 
most  unalt«rable  rules.  And  now  I  make  the  old  inquiry  as  to  what 
those  same  unalterable  rules,  forming  the  complete  statute  book  of 
nature,  may  possibly  be? 

"'They  stand  written  in  our  works  of  science,' say  you;  'in  the 
accumulated  records  of  man's  experience.'  Was  man  with  his  experi- 
ence present  at  the  creation,  then,  to  see  how  it  all  went  on  ?  Have 
any  deepest  scientific  individuals  yet  dived  down  to  the  foundations  of 
the  universe  and  gauged  everything  there?  Alas,  these  scientific 
individuals  have  been  nowhere  but  where  we  also  are;  have  seen  some 
hnndbreadths  deeper  than  we  see  into  the  deep  that  is  infinite,  without 
bottom  as  without  shore." 

"Philosophy  complains  that  custom  haa  hoodwinked  us  from  the 
first;  that  we  do  everything  by  custom,  even  believe  by  it;  that  our 
very  axioms,  boast  as  wo  may,  are  oft«nest  simply  such  beliefs  as  we 
have  never  heard  questioned.  Innumerable  are  the  illusions  of  custom, 
but  of  all  these  perhaps  the  cleverest  is  her  knack  of  persuading  us 
that  the  miraculous,  by  simple  repetition,  ceases  to  be  miraculous!" 

A  lesson  for  us,  as  pexiple  who  are  most  of  us  interested  in  science, 
as  to  how  little  its  most  fixed  conclusions  may  be  worth,  may  perhaps 
be  conveyed  in  an  example.  A  century  and  a  half  ^o,  when  the  new 
science  of  chemistry  won  its  first  triumphs,  the  fundamental  discovery 
which  was  to  illuminate  the  whole  science,  the  settled  acquisition 
which  it  seemed  to  have  brought  to  us,  the  thing  which  was  going  to 
last,  was  'phlogiston.' 

This  had  everything  to  recommend  it  in  universal  acceptance  and  in 
what  seemed  to  the  foremost  men  of  the  time  its  absolute  certainty. 

"If  any  opinion,"  say^  Priestley,  "in  nil  the  modern  doctrine  con- 
cerning air  be  well  founded,  it  is  certainly  this,  that  nitrous  air  is 
highly  charged  with  phlogiston.  If  1  have  completely  ascertained 
anything  at  all  relating  to  air,  it  is  this." 

I  am  trying  here  to  say  that  all  laws  of  nature  are  little  else  than 
man's  hypotheses  about  nature. 

Phlogiston  was  then  to  the  science  of  a  former  age,  in  this  sense  a  law 
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of  nature,  and  at  It^ast  m  grrat  a  {rciu'ralization  as  the  kinetic  theory 
of  ganoa  is  to  tis;  aa  widely  atfcpted,  an  liriiily  twlieved  and  ss  t-er- 
tainly  known— but  whtit  has  hecouie  of  it  now  ( 

Can  we  tell,  then,  in  advance,  by  any  criterion,  what  a  'law  of 
nature"  is) 

With  a  eurious  l«'gging  of  the  question  some  answer,  '  Ye.s,  for  hiws 
of  nature  have  this  dintiwtion,  that  they  have  nev(!r  been  diMprovini.' 
Am  if  one  were  to  say.  Yes,  tH'<^aiise  when  they  nrr  disproved  we  denj- 
that  they  ai-e  lawn  of  nature! 

Those  of  us  who  are  capable  of  Iwing  instructed  or  warned  by  the 
history  of  human  thought  may.  then,  a^k  what  kind  of  a  guarantee 
are  wo  to  have  for  any  other  '  fact*  of  our  new  knowledge^  May  they 
not — all  these  'facts' — be  gone  like  the  l)aselcss  fabric  of  this  vision, 
l)efore  another  hundred  years  are  passed? 

The  physical  sciences  seem  to  have  had  less  change  in  their  theories 
than  the  mighty  displacements  in  other  branches  of  natural  knowledge, 
but  it  is  a  truism  to  say  that  all  are  changed,  and  it  should  be  a  truism 
to  add  that  the  'laws  of  nature'  are  not  to  lis  what  they  were  a  hun- 
dred years  ago. 

1  n'peat  that  of  the  'order'  of  nature  we  may  possibly  know  a  little; 
but  what  are  these  '  laws '  of  nature?  What  celestial  act  of  congress 
fixed  them?  In  what  statute  book  do  we  read  thcmi  What  guaran- 
tees thcmi  Our  mistake  is  in  believing  that  there  is  any  such  thing, 
apart  from  our  own  fallible  judgment,  for  ihe  thing  which  the  'laws 
of  nature'  most  absolutely  forbid  one  generation  to  believe,  if  it  only 
actually  happens,  is  accepted  as  a  part  of  them  by  the  succeeding. 

Suppose  that  n  century  ago,  in  the  year  ItSO^.  certain  French 
Academicians,  believing  like  everyone  else  then  in  the  'laws  of 
nature.'  were  invited,  in  the  light  of  the  l)est  scientific  knowledge  of 
the  day,  to  name  the  most  grotesque  and  outnigcous  violation  of  them 
which  the  human  mind  could  conceive.  I  may  suppose  them  to  reply, 
*  if  a  cartload  of  black  stones  were  to  tumble  out  of  the  blue  sky  atx>ve 
us,  liefore  our  eyes,  in  this  very  France,  we  should  call  t/uif  a  violation 
of  the  laws  of  nature,  indeedl'  Yet  the  next  year,  not  one,  but  many, 
cartloads  of  bWk  stones  did  tumble  out  of  the  blue  sky,  not  in  some 
far  off  land,  but  in  Fi-ance  itself. 

It  is  of  interest  to  ask  what  became  of  the  'laws  of  nature'  after 
such  a  terrible  blow.  The  Maws  of  nature'  wen-  adjusted,  and  after 
being  enlarged  by  a  little  patching,  so  as  to  tjike  in  the  new  fact,  wore 
found  to  be  just  as  good  as  ever!  So  it  is  always;  when  the  miracle 
h'1.1  happened,  then  and  only  then  it  becomes  most  clear  that  it  was  no 
miracle  at  all,  and  that  no  'taw  of  nature'  has  boon  broken. 

Applying  the  parable  to  ourselves  then,  how  shall  we  di-al  with 
new  '  facts'  which  are  on  trial,  things  perhaps  not  wholly  demonstrated, 
yet  partly  plausible?     During  the  very  last  generation  hypnotism  was 
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such  a  violation  of  natural  law.  Now  it  U  a  pait  of  it.  What  .shall 
we  say,  again,  about  telepathy,  whit-li  seemed  so  alwiird  to  most  of  us 
a  dozF!n  years  agof  1  do  not  say  there  is  such  a  thing  now,  but  I 
would  like  to  take  the  oi-casion  to  express  my  feeling  that  Sir  William 
Crookes,  as  president  of  the  British  Association,  took  the  right,  as  he 
took  the  coui-ageous  coui-se,  in  speaking  of  it  in  the  ternis  he  did. 
1  might  I'ite  other  things,  the  ohjixits  of  ridicule  only  a  few  year.-*  ago, 
of  debate  now,  but  which  have  not  all  found  supporters  who  possess 
the  coumge  of  their  convictions. 

The  les.son  for  us  in  dealing  with  them  is  not  that  we  should  refuse 
to  l>oIicve  on  the  one  hand,  and  sneer  at  everything  thut  is  on  trial; 
for  this,  though  u  very  general  and  safe  procedure,  is  not  one  to 
be  recommended  to  those  of  us  who  have  some  higher  ideal  than 
acquiescenc-c  with  the  current  belief. 

The  lesson  for  us  is  that  we  must  not  consider  that  anything  is  abso- 
lutely settled  or  true. 

This  is  not  to  say  that  we  are  to  be  blown  about  by  every  wind  of 
scientific  doctrine.  It  is  to  be  understood  as  a  pnictical  rule  of  life 
that  we  must  at^^t  with  the  majoiity  where  our  faith  does  not  compel 
us  to  do  otherwise;  but  it  seems  to  me  that  we  must  always  keep 
ready  for  use  somewhere;  in  the  background  of  our  mind,  ptjsaibly, 
but  ."omewhere;  the  perhaps  trite  notion  that  we  know  nothing  abso- 
lutely- or  in  its  essence;  and  remember  that  though  trite  it  is  always 
true,  and  to  be  kept  as  a  guide  at  every  turning  of  the  scientific  road, 
when  we  can  not  tell  what  is  coming  next. 

How  many  doctrines  of  our  own  day  will  .stand  the  light  of  the  next 
century  ?  What  will  they  be  saying  of  our  doctrine  of  evolution  //wh^ 
1  do  not  know;  but  let  mo  repeat  what  I  have  said  elsewhere,  that  the 
truths  of  the  strientitic  church  are  not  dogmas,  but  something  put  for- 
ward as  provisional  only,  and  which  her  most  faithful  children  are 
welcome  to  disprove  if  they  can.  I  iMslieve  that  science  ai  a  whole  is 
advancing  with  hitherto  unknown  rapidity,  but  that  the  evidence  of 
this  advance  is  not  in  reasoning,  but  in  the  observation  that  our  doc- 
trine is  proving  itself,  by  the  fact  that  through  its  aid  Nature  obeys  us 
more  and  more,  as  I  certainly  believe  it  does. 

Never  let  us  forget,  however,  that  man,  being  the  servant  and  inter- 
preter of  nature,  as  Itacon  says,  can  do  and  understand  so  much,  and 
so  nmch  only,  as  he  has  ohi«.i-Vfii  of  the  cour.-H^  of  nature,  and  that 
beyond  this  he  neither  knows  anything  nor  can  do  anything.  No 
walk  along  'the  high  priori  road'  will  take  him  where  he  wants  to 
go,  and  no  '  law  of  nature '  will  certainly  help  him. 

But  these  'laws',  having  authority  only  as  far  as  they  are  settled 
by  evidence  and  by  ol>servation  alone,  it  may  be  a  just  inquiry  as  to 
what  constitutes  observation  and,  above  all,  who  judges  the  evidence. 


552  THK    LAWS   OF   NATURE. 

If  the  kinetic  tbeor}'  of  gases,  for  instance,  is  a  matter  of  inference 
rather  than  of  observation,  are  we  Hure  that  we  have  a  better  guar- 
antee for  it  than  a  previous  century  bad  for  phlogiston?  Our  good 
opinion  of  onrselves,  as  compared  with  our  scientific  fathers,  makes 
us  think  we  have.  Certainly  I  think  myself  that  we  have;  and  yet. 
remember,  it  is, the  same  human  nature  which  judged  that  evidence 
then,  that  judges  this  evidence  now,  and  remember  that  however 
rapidly  science  changes,  human  nature  remains  very  much  the  same, 
and  always  has  a  good  conceit  of  itself. 

While  we  are  venturing  to  utter  truisms,  I  repeat,  let  us  take  once 
more  this  one,  home  to  ourselves,  that  there  is  a  great  deal  of  this 
'human  nature'  even  in  the  best  type  of  the  tKtientific  man,  and  that 
we  of  this  twentieth  century  share  it,  with  our  predecessors,  on  whom 
we  look  pityingly,  as  our  successors  will  look  on  us. 

Let  us  repeat,  and  repeat  once  more,  that  though  nature  be  external 
to  ourselves,  the  so-called  'laws  of  nature'  are  from  within^laws  of 
our  own  minds — ^and  a  simple  product  of  our  human  nature.  Let  us 
agree  that  the  scientific  imagination  can  suggest  questions  to  put  to 
nature,  but  not  her  answers.  Let  us  read  Bacon  again,  and  ^ree 
with  him  that  we  understand  only  what  we  have  ol)8erved.  Finally 
let  us  add  that  we  never  understand  even  that,  in  the  fullness  of  its 
meaning,  for  remember  that  of  all  the  so-called  laws  of  nature,  tlic 
most  constantly  observed  and  the  most  intimately  and  personally 
known  to  us  are  those  of  life  and  death — and  how  much  do  we  know 
about  the  meaning  of  theniit 
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THE  CHILDREN'S  ROOM  IN  THE  SMITHSONIAN 
INSTITUTION." 


By  Albert  Bigblow  Paine. 


[Adapl«d  tjr  the  aalbor,  from  his  article  io  St.  Nicholu  (or  Beptember.  1901.] 

It  was  Mr.  S.  P.  Laogley,  the  Secrelary  of  the  Smithsonian  Institu- 
tion, who  hud  personally  ordered  and  arranged  several  isurcessive 
atteniptij  to  make  exhibitions  for  the  especial  benefit  of  children,  little 
children,  who  did  not  care  for  long,  hard  names,  and  who  could  not 
see  objects  on  high  shelves. 

An  attempt  which  he  wished  to  he  final  was  made,  but  he  could  not 
personally  oversee  the  work  of  preparation,  and  when  he  did  look  into 
it  he  was  dissatisfied.  There  were  a  good  many  things  in  the  cases 
that,  as  one  of  the  children,  he  did  not  care  for.  Clearly  something 
must  he  done. 

Dr.  Langley,  as  Secretary,  appointed  himself  as  honorary  curator 
of  the  children's  exhibit,  with  instructions  to  see  that  a  room  was 
i-eserved  and  properly  prepared  for  little  children  who  wished  only  to 
look  and  wonder,  and  find  out  such  things  as  little  people  most  want 
to  know.  The  appointment  was  accepted  by  him  in  the  following 
terms: 

The  Secretary  of  the  Smithsonian  Institution  has  been  pleased  to 
confer  upon  me  the  honorable  but  arduous  duties  of  the  care  of  the 
Children  s  Room.  He  has  at  his  service  so  many  men  learned  in  nat- 
ural history  that  I  do  not  know  why  he  has  chosen  me,  who  knon  so 
little  about  it,  unless  perhaps  it  is  because  these  gentlemen  may  pos- 
sibly not  be  also  learned  in  the  ways  of  children,  for  whom  this  little 
room  is  meant. 

It  has  been  my  purpose  to  deserve  his  confidence,  and  to  carrv  out 
what  I  believe  to  oe  his  intention,  bv  identifying  myself  with  the 
interests  of  my  voung  client**.  Speaking,  therefore,  in  their  behalf, 
and  us  one  of  them,!  should  say  that  we  never  have  a  fair  chance 
in  museums.  We  can  not  see  the  things  on  the  top  shelves  which 
only  grown-up  people  are  tall  enough  to  look  into,  and  moat  of  the 
things  we  can  see  and  would  like  to  know  about  have  Latin  words 
on  tnem  which  we  cannot  understand;  some  things  we  do  not  care  for 
at  all.  and  other  things  which  look  entertaining  have  nothing  on  them 
to  tell  us  what  they  are  about. 


■  Keprinlpif  by  jn'nnipHinn  of  The  Century  Company. 
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In  that  great  work,  our  very  highest  authority  on  the  subjcf^t  (need 
we  say  that  "The  Swiss  Family  Robinson"  is  meant!),  we  have  always 
taken  unmixed  delij^ht.  although  some  people  .say  that  so  many  kinds 
of  interesting  beasts  could  never  really  have  been  in  one  island.  If 
there  are  any  eiTors  tliere.  though,  we  do  not  love  it  for  them,  but  for 
its  good  qualities,  and  the  first  of  these  is  that  it  interests  an  all 
through.  We  think  there  h  nothing  in  the  world  more  entertain in|r 
than  birds,  animals,  and  live  thinss;  and  next  to  these  is  our  interest 
in  the  sjime  things,  even  though  tney  are  not  alive;  and  next  to  this  is 
to  read  al>out  them.  All  of  us  i-ai-e  al>out  them,  and  some  of  us  hope 
to  rare  about  them  all  our  lives  long.  We  are  not  very  much  inter- 
ested in  the  Latin  names,  and  however  much  they  may  mean  to 
grown-up  people,  we  do  not  want  to  have  our  entertainment  spoiled 
by  its  being  made  a  lesson. 

Now,  I  entirely  ^ree  with  my  small  friends  so  far,  but  I  will  add 
something  that  they  only  dimly  understand  and  that  some  of  their 
instructors  do  not  undei'stund  at  all.  it  is  that  to  interest  the  young 
minds  in  such  tilings  is  to  lay  the  foundation  for  more  serious  study 
in  after  life.  There  are  spoti  'tn  the  sun,  and  even  the  "Swiss  Fam- 
ily Robinson"  is  not  quite  perfect  as  an  authority  in  natural  history-; 
but  the  "child  is  father  to  the  man,"  ind  many  a  young  naturalist 
would  never  have  been  a  student  of  nature  at  all  if  ne  had  not  owed 
his  first  impulse  to  some  such  work  as  that,  or  to  the  sight  of  things, 
like  those  in  the  Children's  Room,  arranged  for  the  same  minds  that 
delight  in  the  book. 

Some  great  philosopher  has  said  that  "Knowledge  begins  in  won- 
der," and  there  is  a  great  deal  in  the  sjiying.  If  I  may  speak  of 
myself,  I  am  sure  I  remember  how  the  whole  studies  of  my  life  have 
Ixien  colored  by  one  or  two  strong  impressions  i-eeeived  in  childhood. 
The  l^'ing  down,  as  a  child,  in  a  new  England  pastun^  and  looking  at 
the  mysterious  soaring  of  a  hen  hawk  far  above  in  the  sky  has  led  me 
to  give  many  years  of  mature  life  to  the  study  of  the  subject  of  trav- 
eling in  air;  and  puzzling  about  the  way  the  hotbed  I  used  to  see  on 
the  farm  kept  the  early  vegetables  warm  undei-  its  gloss  roof  has  led  to 
inanv  years  of  study  in  after  life  on  the  way  that  that  great  hotbed,  the 
eartn.  is  kept  waria  bv  its  atmosphei-e;  and  so  on  with  other  things. 

1  wi.sh  that  all  children  might,  as  they  grow  older,  learn  the  sense 
of  the  poet  who  has  said: 

Who  Ih  ttic  liappy  warrior?    Whd  in  ho 
That  fvury  nian  in  amw  should  wish  to  l>e? 
It  is  the  ^nerous  siiirit  who,  when  brought 
Aiiiong  the  lasks  of  real  life,  hath  wruught 
Upon  the  |)lftn  that  pleaswl  his  boyish  thouKht. 

Doctor  Langley  has  thus  told  us  of  his  appointment  as  curator  of  the 
children's  room,  but  he  has  not  told  us  of  what  long  years  of  prepamtion 
have  been  crystallized  into  this  apparently  simple  task,  what  patient, 
thoughtful  work  in  every  department  and  detail,  with  the  interest  and 
the  entertainment  of  the  child  always  in  view. 

After  accepting  this  somewhat  arduous  and  wholly  portionless  task, 
he  undertook  to  do  his  best  to  have  such  a  place  provided  and  install 
in  it  only  such  things  as  his  friends,  the  dher  children,  would  like. 
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It  wtu  at  oni-c  dctprminf^l  that  the  toum  to  he,  as-signed  to  this  pur- 
pose must  l>e  11  NDuU  one;  a  large  I'oom  would  mean  a,  largo  cullectioti, 
and  thiM  in  ivtiirn  would  result  in  confutted  and  haitty  examination  luid 
tho  dist-ouragement  of  the  child.  It  must  lie  a  cozy,  pliiasant  room, 
with  plenty  of  light  iind  pretty  things,  an  well  a»  a  collection  of  s[H'i'i- 
Kiouh,  not  many  in  num>>er,  hut  each  object  chosen  just  to  give  tlic 
cliild  pleasure.  If  the  child  received  instruction,  too,  well  and  good; 
hut  Hr^t  of  all  he  must  he  attracted  and  pleased,  and  made  to  wonder, 
for  in  wonder  lie  the  )>eginnings  of  knowledge. 

This  was  the  Secretarj'  and  Honorary  Cui-ator's  idea;  and  with  the 
gladly  and  heartily  given  help  of  ornithologist,  zoologist,  mineralo- 
gist, of  the  whole  staff  of  the  Institution  in  fact,  his  plans  for  a  chil- 
dren'.s  room  in  the  Smithsonian  have  Iwen,  and  still  are  being,  carried 
to  successful  realii'^tion. 

Ixt(«ted  just  across  from  the  main  entrance,  it  is  a  sunny  little  spot, 
with  doors  and  windows  opening  to  clambering  vines,  grass  plots,  and 
happy  trees,  whei-e  in  summer  are  birds  that  build  and  sing.  It  was 
June  when  I  saw  it.  and  perhaps  this  is  the  choicest  time  to  go;  but 
even  dark  days  and  cold  will  not  keep  us  from  feeling  the  cheer  of 
riotous  vines  and  singing  birds. 

For  they  are  within  as  well  as  out.  The  ceiling  is  painted  to  repre- 
.sent  a  vine-clad  arbor,  with  sky  spaces  through  which  birds  of  gayest 
pUuimge  seem  to  look  down  on  friends  and  relatives  lielow. 

Indeed,  a  number  of  living  relatives  are  just  below,  where  four  gilt 
cages  of  song  supply  a  never-ending  chonis  of  nations,  the  little 
singers  having  been  chosen  from  the  many  far  and  near  corners  of  the 
whole  earth. 

Our  own  redbird,  or  cardinal  grosbeak,  is  there,  as  well  as  the  South 
American  cardinal  of  Brazil;  bullfinches  and  goldfinches  from  Europe; 
the  Japanese  mliin,  who  is  really  not  Japanese  and  not  a  robin,  but  a 
very  nice  bird  from  India;  some  weaver-binls  fi'om  Africa;  some 
Javan  .sjmrrows  from  the  East  Indies,  and  some  Australian  gra.ss-par- 
rakeets,  such  as  are  tminod  and  used  by  street  seers  for  telling  for- 
tunes. They  are  a  happy  congress,  and  it  grieves  me  to  relate  how 
two  little  cages  contain  but  one  bii-d  each,  a  certain  canary  and  a 
hybi-id  goldlinch,  whose  names,  for  their  jjarents'  sake,  I  will  not  give, 
but  who  proved  to  be  s<»  wicked  and  quarrelsome,  and  made  the  others 
all  so  lery  unhappy,  that  they  must  now  live  each  to  himself,  alone, 
and  yet  near  enough  to  see  tlie  happiness  of  the  others,  who  all  day 
long  play,  and  visit,  and  sing  in  undisturbed  harmony. 

Helow  the  singing  birds  are  the  aquariums,  a  salt-water  glass  tank, 
and  a  most  jwrfect  fresh-water  aquarium,  so  simply  and  <'arefully 
arranged  that  even  the  vei-y  little  child  may  look  and  love  and  wonder 
from  every  side,  where  pretty  bright  lishes  and  ImiIiv  tuitlcs  wave  and 
dart  and  paudle  amid  feathery  green  and  over  the  [Mibbly  beds. 


556  CHILDREN'S   ROOM   IN   SMITHSONIAN    INSTITUTION. 

The  squai'tuuiH  and  the  gilt  cagen  are  the  <eiiter  of  the  room,  and, 
because  of  the  happy  varicolored  life  tbey  contain,  must  always 
reniam  the  true  renter  of  attracrtion  tb  little  folks— the  point  to  which 
they  will  turn  and  return,  again  and  yet  again,  from  the  fascinating 
and  even  more  marvelous,  but  silent,  wonders  in  the  cases  along  the 
walls. 

The  cases  themselves  are  quite  low,  even  the  top  shelves  lieing 
within  reach  of  younger  eyes.  Arranged  al>ove  them  are  a  number  of 
prints  and  water-color  paintings,  in  which  some  of  the  furred  and 
feathered  creatures  below  are  shown  in  action;  and  this  idea  is  to  be 
carried  still  further  in  the  panels  of  the  wall,  for  these  in  course  of 
time  are  to  he  filled  with  interesting  and  lifelike  pictures  by  artists 
who  paint  lovingly  their  friends  of  the  wood  and  field. 

But  it  is  within  the  cases  that  the  child  will  find  the  true  soul  and 
purpose  of  the  Children's  Room.  Often  he  may  turn  to  the  singing 
birds  and  the  darting  fish  for  refreshment,  but  with  the  wonders  along 
the  wall  he  will  linger,  and  the  memory  of  them  will  cling  and  blend, 
and  so  become  a  part  in  his  life  that  shall  not  perish  or  grow  dim. 

In  speaking  of  the  young  observer  in  this  article  as  "he,"  I  do 
not  wish  it  to  be  under.-itood  that  the  room  is  not  fully  as  interesting 
and  valuable  to  little  girls.  I  am  only,  for  the  most  part,  picturing  a 
boy,  such  as  "  the  one  I  knew  best,"  who,  a  good  many  years  ago,  was 
obliged  to  learn  a  good  many  things  vaguely  and  at  long  range.  I 
find  that  he  is  still  hungry  to  know  some  of  the  things  he  never  could 
find  out  then,  and  I  am  fancying  what  he  might  have  felt  and  done  if 
in  that  far-away  time  ho  had  found  himself,  all  at  once,  among  these 
precious  cases. 

They  are  arranged  as  a  child  would  wish  them,  and  he  will  begin, 
perhaps,  with  those  on  the  left  as  he  enters — the  cases  of  the  Itirds. 
At  the  first  of  these  he  will  linger.  Within  are  the  "Largest  and 
smallest  birds  of  prey."  lie  will  look  at  the  great  condor  of  the 
Andes,  and  the  bald  eagle,  and  then  at  the  tiny  sparrow  hawk;  and  he 
will  wonder  why  these  are  so  big  and  that  so  little,  and  if  the  l>ald 
eagle  could  whip  the  condor  in  a  fair  fight.  He  thinkis  it  likely, 
because  the  condor  has  blunt  claws — so  blunt,  the  card  says,  that  he 
can  not  carry  off  the  big  animals  he  sometimes  kills.  The  condor  is 
bigger  than  the  l>ald  eagle,  but  he  is  not  so  good  looking,  and  the 
child  does  not  tike  him.  He  likes  mmh  better  the  largest  owl,  the 
great  eagle  owl,  who  lives  in  the  vast,  tmckless  woods  of  northern 
Europe  and  As\& — a  monarch  of  the  far.  dim  stillness;  and  if  the  child 
is  a  little  girl,  she  adores  the  smallest  of  his  race,  the  tiny  elf  owl. 
who  might  well  be  a  real  sprit*'  to  dart  from  the  leafy,  dewy  tangle  of 
evening. 

The  small  observer  pas-^cs  on.  "  Some  Curious  Birds ''  come  next, 
and  he  must  sec  thom,  even  if  h<'  hns  to  como  back  to  the  bald  eagle 
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and  the  condor,  and  the  ditferent-sized  owls,  by  and  hy.  He  wonders 
and  laughs,  too,  at  the  curious  birds.  Truly  they  are  a  funny  lot. 
Some  of  them  have  fans  that  fold.  Others  have  veils,  aprons,  ci-owns, 
lappets,  armor,  and  what  not.  The  toucan  has  such  an  absurd  big  bill. 
The  black  skunmera  ttat  bill  is  set  the  wrong  way.  A  queer  paradi.se 
bird  has  one  tail  where  it  should  be,  besides  two  very  long  tails  that 
aiT  half  saw  and  half  feather,  and  that  start  from  behind  hi.s  ears. 
Then  there  is  a  row  of  little  bat-parrakeets  that  sleep  with  their  heads 
hanging  down.  The  child  wonders  why  the  blood  doesn't  run  to  their 
he^ds,  and  how  the  umbrella  bird  can  see  through  the  thick  tangle  of 
his  head  rovering.  Almo.st  all  the  curious  birds  have  funny  attach- 
ments, something  they  don't  seem  to  need— all  except  the  poor  apteryx 
from  Australia,  who  has  much  less  than  he  should  have,  l>ecause  he  is 
left  over  from  some  undeveloped  age,  with  paltry,  half-formed  feath- 
ers, and  no  wings  at  all.  The  child  pities  the  apteryx — he  looks  so 
timid  and  sorry — and  the  card  telLs  us  he  is  often  killed  by  dogs, 
l>ecause  he  can  not  fly.  He  is  so  different  from  his  tine  neighbor,  the 
laughing  ja4:kass,  whose  expression  is  always  humorous,  and  who  seems 
always  about  to  make  merry  with  the  whole  queer  lot. 

Just  below  these  is  a  shelf  of  "  Bright-colored  Bii-ds."  If  the  child 
i.s  a  little  girl,  here  she  will  linger  long.  The  vividly  blue  trotinga  of 
British  Guiana,  the  beautiful— the  most  beautiful — parmkeet,  the  rose 
cockatoo  of  Australia,  the  elegant  minivet,  and  the  crimson-winged 
lory^these  she  will  love  with  all  her  inborn  adoration  of  beautiful 
adornment,  and  yearn  for  them  in  her  dreams,  I  hope  .she  will  not 
want  the  wings  for  her  hat,  but  I  should  hardly  blame  her  if  she  did, 
for  their  beauty  is  the  splendid  and  lavish  kind  that  nature  gives  to 
flowers,  and  that  nature,  and  nature  only,  has  ever  learned  how  to 
bestow.  To  me  the  mandarin  duck  seems  the  gem  of  this  collection — 
a  fowl  whose  dress  is  so  (Chinese  in  its  cut  and  coloring  that  one  won- 
ders whether  he  has  really  imitated  the  mandarins  or  they  him. 

And  now  come  the  "Common  Birds  of  Europe"  and  the  "Familiar 
Birds  of  the  United  States,"  The  child  has  yearned  long  to  see  the 
raven,  the  magpie,  the  starling,  and  the  jackdaw  of  his  storybooks,  and 
the  English  lark  and  robin  from  which,  long  ago,  our  native  meadow 
singer  and  redbreast  were  named  by  a  people  heartsick  and  homesick 
for  their  own  far  lands.  The  curlew,  the  rook,  and  the  lapwing,  these, 
too,  are  among  the  European  birds,  while  the  phoebe,  the  bittern,  the 
kingfisher,  the  bobwhite,  and  the  bobolink  are  among  their  Amer- 
ican cousins,  as  well  as  our  own  lark  and  robin,  not  forgetting  the 
beautiful  but  cruel  blue  jay,  and  the  tiny  ruby-throated  humming 
bird,  .so  familiar  to  us  all. 

The  child  is  proud  of  his  own  birds.  Perhaps  he  wishes  they  were 
more  gaudily  colored,  and  wonders  why  parrakoets  and  pink  cockatoos 
do  not  dwell  in  his  own  woods  and  fields.     Still,  there  is  the  gay  car- 
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dinal  and  the  pretty  bluebird,  whase  eolov  in  like  ft  bit  of  aky.  The 
child  K  {flad  to  aee  that  of  the  poetical  quotations,  and  a  number  of 
these  are  in  various  eases,  there  is  a  special  one  for  the  bluebird- — 
the  pretty  lines  by  Eben  Itexford: 

Hear  it  a^^in  aliove  ue. 

And  Hee  what  u  flutter  of  winge; 
The  bluchinl  knowt^  it  is  April, 
Anil  snare  tu  the  ctiii  and  Mnin. 

In  the  case  next  to  this  are  *"  Bii-ds  with  Curious  Nests  and  Eggs." 
The  heart  of  the  small  olwetver  finds  gi-eat  joy  in  this  ttwe.  The 
smallest  and  largest  eggs  in  the  world,  those  of  the  humming  bird  and 
the  giant  ostrich,  or  ^£/>v/>/'flM,  of  Madagascar,  who  no  longer  lives, 
but  whose  eggs,  that  were  more  than  a  foot  in  length,  aro  still  t<>  l>e 
didcovered. 

The  child  ponders  long  over  these  eggs.  The  card  t*?lls  him  that 
the  yEj>yr>mix  and  the  great  i-oc  of  his  storybooks  arc  believed  to  l>e 
the  same  bird.  He  wonders  how  many  tinms  larger  the  big  egg  is 
than  the  little  one.  If  he  asks,  as  I  did.  he  will  he  told  that  it  i.s 
about  thirty  thousand  times  as  big,  and  he  will  picture  to  himself  the 
great  bird,  as  tall  as  a  tree,  sweeping  over  the  sands  with  furlong 
strides. 

Within  this  case,  too,  arc  other  curious  eggs,  large  and  small,  includ- 
ing those  of  the  eagle,  the  ostrich,  and  the  great  moa  of  New  Zealand, 
while  among  the  curious  nests  the  child  sees  the  homes  of  the  hang- 
bii-d,  the  weaver  bii-d,  and  the  tailor  bii-d.  Much  and  long  he  wcmdei-s 
how  these  clever  house  btiildei's  wound  in  and  out  the  threads  and 
hbers  of  their  marvclously  built  home.i.  But  just  Iwlow  there  is  n 
nest  with  eggs.  It  is  not  a  curions  nest,  but  built  in  a  curious  place- 
in  a  MkuU,  in  fact,  and  it  is  the  nest  of  the  tiny  housi;  wren. 

And  now  beyond  these  come  the  "water  birds" — the  great  albati'otts, 
which  perhaps  the  child  remembers  as  having  been  shot  by  the  Ancient 
Mariner;  the  king  penguin  of  the  far  white  south,  the  white  egret, 
hunted  for  his  mre  plumage,  and  the  starlet  ibis,  whose  flaming  feath- 
ers make  him  a  shining  murk  fur  death. 

The  child  is  sorry  that  these  i-are  bii-ds  are  killed  for  their  wings 
and  plumes.  If  a  little  girl,  perhaps  she  resolves  never  to  wear  them. 
She  remembers  that  birds  have  little  folks,  too,  and  she  wonders  what 
becomes  of  them  when  the  parent  bird  is  shot  down  and  can  never 
return  to  them  with  food. 

But  at  the  next  case  these  things  are  foi^tten.  At  the  top  instead 
of  a  picture  there  is  a  lyre  bird,  with  his  tall  magniHcent  tail,  and  a 
mounted  beaver.     The  child  remembers  that  Hiawatha  was  taught 

How  the  boaverB  bnilt  their  IcmI)^. 
He  thinks  this  must  be  one  of  the  same  beiivers  and  wonders  if  it  is 
full  grown  and  how  it  is  be  can  use  his  tail  to  build  with. 
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Above  the  boiiver  i«  a  line  fpray  of  peacock  pluitic»,  and  in  the  ctwe 
bencKth  him  a  kite  carrying  a  snake,  some  bower  birdu  with  thoir  play- 
hoase,  and  Mome  ptarmigan.-^  in  !K»th  winter  and  summer  dress.  The 
child  rejoicejH  in  the  bower  birds,  lie  has  a  little  book  with  a  picture 
of  them,  but  here  they  are  at  home  with  their  playthings.  There  ai-e 
.several  of  them,  and  he  wonders  if  they  have  invited  in  friends  to  sec 
and  play  with  the  pretty  shells  and  colored  glass  they  have  found. 

But  the  ptarmifran.s  he  can  hardly  believe  real,  their  winter  dress  ia 
9o  anow-white,  while  in  their  summer  plumage  they  are  so  brown  and 
mottled,  like  a  pheasant.  Still,  the  caixls  tell  him  they  are  the  same, 
and  though  he  wonders  much,  yet  he  must  l>elieve. 

Then  he  parses  on  to  "How  Creatures  Hide,"  the  Children's  Room 
name— and  a  very  happy  one— for  protective  mimicry.  Here  the  leaf 
insects,  that  are  so  like  the  leaves  about  them  as  to  make  the  observer 
almost  "give  it  up"  before  he  discovers  that  some  of  the  leaves  open 
and  form  wings,  while  beneath  others  there  lie  curious  creatures  so 
near  in  sha[)e  and  color  to  their  hiding  place  that  only  the  shai-pest 
eyes  will  find  them.  Ne-sts  there  are,  t<io.  that  might  well  be  a  part  of 
the  limb  that  holds  them;  and  twneath,  in  a  box  of  sand  and  pebbles, 
aiv  some  terns"  eggs  and  young.  And  the  young  terns  are  so  like  the 
eggs,  and  the  eggs  so  like  the  pebbles,  ihit  even  ^fter  he  sees  them  he 
mu-iit  take  a  second  and  a  third  look  to  make  .sure. 

And  now  there  is  a  cA.se.  of  "Pretty  Shells''  and  "Strange  Insects." 
The  wonderful  coloring  of  the  sea  has  found  its  way  into  the  shells, 
while  the  hues  of  the  air  have  tinted  the  wings  of  huttcrHies  more  rare 
than  any  the  child  has  ever  chased  or  ca|)turcd.  The  child  looks  long- 
ingly at  this  collection.  There  are  some  things  here  he  would  like  to 
have.  But  the  centipede,  and  the  tarantula  with  the  poor  little  bird 
it  has  captured  and  poisoned  to  death,  make  him  shudder.  He  i.s  close 
enough  to  these,  and  he  is  glad  they  are  dead.  He  wi>nders  why  they 
iiiu.st  ever  live  at  all. 

Corals  and  sponges  have  their  separate  case,  and  the  specimens  range 
from  the  great  brain  coral  and  Neptune's  cup  to  the  deiic-ate  and  beau- 
tiful Venus's  flower  basket,  a  superb  white  sponge  from  the  Philippine 
Islands. 

And  now  the  child  has  reached  the  la-st  case  in  the  room.  It  con- 
tains ••  Minerals  and  Fossils,"  and  here  are  some  thing.s  that  make  him 
wonder  indeed.  On  a  block  lies  a  piece  of  flexible  sandstone  that 
bends  by  its  own  weight.  Near  by  is  a  true  model  of  the  largest  lump 
of  gold  ever  found  in  the  world,  and  of  the  largest  diamond  ever  cut. 
His  eyes  dwell  long  on  these  things.  He  wondei's  about  their  value, 
and  if  the  people  who  found  them  were  very  jwor,  and  how  happy 
they  must  have  been  with  that  great  lump  of  gold  and  with  that  splen- 
did diamond.  Some  day  he  will  go  out  into  the  wild  mountains  and 
find  gold  and  diamond.s  too.     He  wondei's  just  where  he  ought  to  look 
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for  Cnetn.  Then,  aii  at  once,  ni»  eye  caUMiOH  some  woven  and  spun 
asbestos,  that  nobody  can  burn  up,  no  matter  how  hot  the  fire  is,  and 
be  thinks  he  would  like  a  suit  of  this  material,  and  so  become  a  tire- 
man,  and  live  happy  ever  after.  And  now  the  child  has  finished  the 
circuit  of  the  room.  He  turns  once  more  to  the  song  birds  and  dart- 
ing fish,  and  before  he  goes  he  must  have  one  more  look  at  the  c&ses. 
The  owls,  the  swallows,  the  ni^ht  hawk,  and  the  whippoorwill — ^atich 
thinffs  as  these  he  has  been  glad  to  see  at  close  range.  Heretofore 
they  have  been  to  him  but  as  darting  shadows,  or  weird  voices  from  the 
dusk  of  evening.  He  has  seen  swallows  circling  about  the  chimney  at 
nightfall,  diving  in  one  by  one,  and  he  has  heard  them  cuddling  cosily 
together  at  bedtime.  Now  for  the  first  time  he  knows  just  how  they 
look,  just  how  they  build  their  nests,  and  how  they  cling  to  the  rough 
brick  with  feet  that  are  set  too  fai-  Iiack  on  their  bodies  for  them  ever 
to  perch  on  a  limb  without  toppling  over. 

And  the  child  goes  home  at  last,  glad,  and  with  knowledge,  and  the 
love  of  knowledge,  in  hia  heart.  He  is  happy,  and,  because  his  won- 
der has  been  aroused,  he  has  learned.  Unless  he  is  a  very  small  child, 
he  has  been  able  to  read  the  large,  clear  type  of  the  simply  worded 
labels,  on  which,  with  one  exception,  there  are  no  more  Latin  names. 
The  exception  is  made  in  favor  of  a  very  small  humming  bird,  who 
bear.s  bravely  his  technical  title,  Rbamphumicron  microihynohuni,  left 
by  the  honorary  curator  as  the  liest  explanation  of  why  he  has  not 
retained  the  others.  Of  all  the  rest  the  common  names  only  are  g^ven ; 
and  where  no  common  name  exists,  a  literal  translation  of  the  Latin 
name  is  made.  All  the  labels  the  child  has  been  able  to  read,  and  he 
is  not  wearied,  and  he  has  not  been  puzzled  or  confused. 

Perhaps  the  child  who  has  passed  an  hour  or  two  in  this  room  full 
of  interest  and  plea.suie  does  not  know  or  care  to  whom  bis  happiness 
and  his  thanks  are  due.  It  does  not  matter.  If  he  only  cares  for  the 
thing  itself,  cares  enough  to  come  again,  and  perhaps  bring  his  par- 
ents, that  they  too  may  look  and  learn  with  yoimg  eyes  (and  if  he  ia 
the  child  most  of  us  have  known  best,  he  will  do  this),  the  Secretary 
and  Honoi-ary  Curator  will  be  amply  repaid. 

Doctor  Langley  has  strenuously  opposed  all  appi-eciative  mention 
of  himself  in  this  paper,  and  it  is  only  through  my  most  urgent 
insistence  that  I  have  been  permitted  to  let  any  portion  of  the  meager 
justice  of  the  original  article  escape  the  sacrifice  demanded  by  the 
modest  Curator.  v 

I  note  with  pleasure  the  addition  of  the  beautiful  color  plates  of  the 
buttevfiies,  insects,  humming  birds,  Mandarin  duck,  etc.,  which 
deserve  mention  not  only  because  of  the  fascinating  subjects  which 
they  portray,  but  because  they  represent  the  very  latest  developmenta 
in  the  ai't  of  color  reproduction.  My  only  regret  is  that  these  hand- 
some illustrations  could  not  be  presented  to  the  readers  of  St.  Nicho- 
las, in  which  the  original  article  appeared. 
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SALT  AND  ITS  PHYSIOLOGICAL  USES.- 


By  M.  A.  Dastre. 


Salt  b  a  unireraal  <x>inmoditj.  It  seems  to  have  been  iised  ftlmost 
without  ex<-eption  in  all  places,  times,  and  viTilizatioDs.  To-daj  it 
seasons  the  wret^ihed  meal  of  the  Soudan  negro  and  the  carefully 
selected  repaat  of  a  European  table.  We  find  the  nanio  predilection 
for  it^  use  as  far  back  in  history  an  we  can  go.  The  Jews  offered  it  to 
Jehovah  with  the.  first  fruits  of  the  harvest  and  the  fruits  of  the  earth ; 
Homer  calls  it  divine  and  chronicles  its  use  in  the  repasts  of  his 
heroes;  Tacitus  tells  of  furious  wars  l)etwpcn  the  Germanic  tribes  for 
the  possession  of  salt  springs  near  tbcir  territories. 

Indeed,  men  have  recoiled  before  no  hardship,  no  sacrifice,  and  no 
danger  to  procure  this  precious  substance.  Tbey  have  sought  to 
obtain  it  by  war,  by  fraud,  by  the  fatigue  of  long  journeys.  Some 
very  primitive  peoples  have  been  remarkably  ingenious  in  methods  of 
procuring  it  for  their  own  use;  for  example,  the  al>origines  of  the 
Sunda  Islands  have  invented  rude  chemical  processes  for  extracting  it 
from  the  nmd  about  their  mangrove  trees.  Mungo  Park  saw  the 
itihabitants  of  the  coast  of  Sierra  Leone  give  all  that  tbey  possessed, 
even  their  wive^  and  children,  to  obtain  it.  It  is,  in  fact,  an  object 
of  so  general  t^nsumption,  so  necessary  to  D)an,  that  it  affords  an 
a.ssured  medium  of  exchange,  and  that  is  what  is  meant  when  we  say 
that  salt  has  been  used  and  is  still  used  for  money.  This  is  true  for 
the  different  countries  in  central  Africa.  It  was  the  same  in  ancient 
times,  and,  since  the  Roman  soldier  received  in  his  ration  salt  as  well 
as  oil,  meat,  and  cheese,  his  compensation  took  the  name  of  mhry,  a 
name  extended  later  to  all  stipulated  wage  for  material  work. 

The  need,  the  hunger  for  salt  is  not  confined  to  man.  Many 
animals  seek  this  suKstance  with  avidity.  Buffon  wrote:  "Nothing 
pleases  the  appetite  of  sheep  more  than  salt."  Barrall,  Boussingault, 
and  Desaive  have  informed  us  that  cattle  may  suffer  cruelly  from  a 

■Translated  and  condensed  froni  the  Revue  ilins  Deux  Mornlee  for  1901,  Vol.  I, 
pp.  lfl--227. 
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lack  of  salt,  nDd  that,  on  the  other  hand,  tDey  thrive  when  it  is  added 
to  thoir  ration.' 

Reindeer  and  red  and  roe  deer  love  to  lick  the  surface  of  brackish 
puddleM  and  inline  efflorC8i-once».  In  all  climates,  in  all  latitudes,  wild 
ruminants  and  other  hoofed  animaltt  report  to  .salt  licks,  a  circum- 
stance of  which  hunt«rs  take  advant^o,  choosing  their  shooting  covers 
either  where  salt  natiu'ally  effloresces  or  where  thej  themselves  have 
scattered  it. 

A  predilection  so  general  and  an  appetite  so  imperative  can  not  be 
considered  as  mere  at^cidents.  They  doubtless  correspond  to  a  natural 
need  of  the  system.  Modern  physiology  has  attempted  to  discover  the 
reason  for  their  existence  which  must  be  profoundly  based  in  the  ani- 
mal organization.  It  has  a^ked  why,  among  the  mineral  substances 
that  form  a  part  of  our  food,  some  of  which  enter  much  more  exten- 
sively into  the  constitution  of  our  tissues,  common  salt  should  be  the 
only  one  that  man  artificially  adds  to  his  natural  aliment.  The  salts  of 
lime  and  the  phosphate  of  soda,  for  example,  whitrh  compose  so  large 
a  part  of  the  skeleton  or  of  the  liquids  of  our  economy,  are  not  used 
at  all  in  cookery.  If  we  sometimes  use  them  in  an  isolated  state  it  is 
merely  as  medicines.  What  is  the  reason  for  this  instinctive  and 
pc(!uliar  employment  of  common  salt  over  and  alK>ve  the  quantity 
natui-ally  contained  in  foods?  This  brings  up  the  more  general  ques- 
tion of  the  part  which  salt  plays  when  once  introduced  into  the  organ- 
ism; of  the  physiological  phenomena  in  which  it  participates;  in  a 
word,  of  the  evolution  which  it  undergoes,     *     *     " 

I. 

Salt  was  first  used  as  an  aliment  at  the  time  of  transition  from  the 
piustornl  and  nomadic  stage  to  sedentary  and  agricultuml  life.  The 
[ndo-Kiiroj>eun  languages  have  no  conmion  word  to  designate  salt, 
nor  hiive  they  any  for  the  greater  nunilHT  of  the  objects  that  relate  to 
agriculture!.  But,  on  the  other  hand,  they  have  lomn'on  roots  for  ail 
words  relating  to  pn.stoml  occu{mtions.  We  may  see  in  this  an  indi- 
cation that  the  pi'iuiitive  iHsoples  from  which  our  modern  iiici'jh  spmng 
were  se[>arated  before  th<'y  abandoned  a  pastomi  life.  They  did  not 
learn  the  art  of  agriculture  until  later,  and  with  it  they  learned  the  use 
of  salt. 

There  are  iK>pulations,  ethnic  groups,  and  (listen  that  have  ne\'er 
adopted  it.  The  Kgyptian  priests  did  not  salt  their  fiMxl.  Plutarch 
WHS  sistonished  at  this  stningc  disdain.  Hallust  .says  that  the  Nuniid- 
ians  did  not  care  for  salt:  A'njm'  'uili-in,  itvipu- nUti  irriiniiienta  gvlis 
qiut^i-fhiiit.     And  in  the  siune  way  we  see  around  us,  side  by  side  with 

'In  practical  agriculture  it  i^  Kcm-mtly  a<ln]ilt(>it  that  there  iihnultl  be  fiiven  to 
eaili  »\\w,\t  aUml  a  \a\  h  itraniti  of  wit  ]icr  day,  :tO  lo .1(1  tcrams  Ui a  tmrse,  60  to  100 
KTanis  to  uu  ox.     In   EiiKlaud  anil  in  (ii^niiBiiy  AorV.  raiHcru  niueli  exceed  tlieoe 
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animaU  of  toe  farm  that  are  very  fond  of  it  the  dog  and  the  cat  that 
do  not  care  for  it  at  all. 

These  exceptions  have  been  for  a  long  time  considered  as  inexpli- 
cable. It  could  not  be  understood  how  the  need  for  salt  could,  in  cer- 
tain cases,  be  as  imperative  as  true  phyttiological  needs,  such  as  hunger 
and  thirst,  while  in  others  it  seemed  entirely  foreign  to  the  organism. 
A  learned  physiologist,  M.  Bunge,  of  Basel,  has  thrown  some  light 
upon  this  obscure  question.  After  an  extensive  investigation,  ethno- 
graphic, historic,  and  geographic,  he  has  drawn  the  primary  concluHion 
that  the  use  of  salt  is  connected  with  the  kind  of  diet.  Salt  is  a  neces- 
sary complement  to  a  vegetarian  regimen.  Among  animals  it  is  the 
herbivora  that  seek  it  with  avidity.  Carnivora  are  indifferent  to  it  or 
even  regard  it  with  disgust.  Among  men  the  appetite  for  this  season- 
ing exists  especially  in  those  whose  food  consists  of  leguminous  vege- 
tables and  cereals;  that  is  to  say,  among  agricultural  populations  or 
at  least  among  those  who  live  on  a  mixed  diet.  On  the  contrary,  those 
who  do  not  care  for  it  are  the  pastoral  tribes  that  live  upon  milk  and 
meat  that  they  derive  from  their  flocks  and  herds,  hunting  trilxts  that 
subsist  upon  the  producU  of  the  chase,  and  fishing  populations  who, 
although  they  dwell  by  the  sea  or  at  the  mouths  of  rivers,  where  they 
can  get  plenty  of  salt,  yet  do  not  use  it.  Now,  if  thi.>j  is  really  the  i-ase, 
we  may  at  least  consider  that  the  correlation  between  these  two  phe- 
nomena, the  development  of  agriculture  and  sedentary  life  on  the  one 
hand  and  the  use  of  salt  with  the  food  on  the  other,  is  worthy  of 
investigation.  • 

All  the  nomadic  tribes  of  the  north  of  Russia  and  Sil>eria  abstain 
from  salting  their  food.  They  can  readily  obtain  salt;  for  deposits, 
efflorescences,  and  suit  lakes  abound  in  tbo-ie  regions;  still  thew  peo- 
ples, who  live  by  the  chase  and  by  fishing,  have  a  decided  aversion  for 
this  condiment  An  explorer  who  lived  a  long  time  with  the  Kamcha- 
dales  and  Tunguses,  the  well-known  mineralogist,  C.  von  Ditmar, 
amused  himself  by  inducing  them  to  taste  the  .salted  food  which  he 
himself  used  and  by  noting  the  expressions  and  grimmrcs  of  dislike 
which  this  simple  seasoning  caused.  This  was  not,  however,  because 
these  people  had  an  excessive  deliiaicy  of  ta.ste.  They  habitually  fed 
upon  an  unnamable  mixture  made  of  tish  massed  in  enormous  silos 
where  they  putrefied  at  leisure  awaiting  the  time  when  they  should  be 
eaten.  The  Russian  Government  desired  to  change  these  too  disgust- 
ing and  unhealthy  food  habits.  It  taught  these  jwoples  the  art  of  salt- 
ing fish  so  as  to  preserve  them  fi-om  putrefaction,  establishing  for  this 
purpose  curing  stations  near  their  onciimpments  and  furnishing  them 
with  salt  at  nominal  price.  Vain  efforts!  These  docile  peoples  obeyed. 
They  salted  the  fish,  but  they  ate  them  not. 

Similar  examples  of  indifference  or  antipathy  to  this  apparently 
necessary  seaaoning  are  found  in  other  latitudes.     The  Kii^htzes  of 
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Turkestan,  who  live  upon  milk  and  meat  in  their  italt  stepper,  do  not 
iiwe  salt  at  all.  The  l^douiuis  of  Arabia,  accordiuK  to  Wrede,  find  the 
um  of  salt  ridiculous,  and  the  Nuniidians,  whom  Salluut  deacribes  as 
disdaining  the  umo  of  »alt,  fed,  according  to  bi8  testimony,  upon  milk 
and  meat — fiu-fe  rt  airne  ffinim. 

Africa  furnishes  still  oUuir  examples  (juite  as  demonstrative.  The 
Scotchman,  Mungo  Park,  who  a  century  ago  explored  the  region  now 
called  the  great  bend  of  the  Niger,  was  struck  with  the  eagerness  for 
salt  siiown  by  the  npgn>  agricultural  populations.  This  was  brought 
to  them  with  difficulty  and  sold  at  a  very  high  price  by  caravans  that 
obtained  it  from  Mauritania,  from  the  sebkha  of  Ijil,  halfway  between 
Senegal  and  Morocco,  or  from  the  deposits  of  Taudeni  north  of  Tim- 
buktu. "In  the  interior  countries,"  he  says,  "the  greatest  of  all 
luxuries  is  salt.  It  would  appear  strange  to  a  European  to  see  a  child 
suck  a  piece  of  rock-salt  as  if  it  were  sugar.  This,  however,  I  have 
frequently  seen,  although,  in  the  inland  parts,  the  poorer  class  of 
inhatiitants  arc  s<i  very  rarely  indulged  with  this  precious  article,  that 
to  say  a  man  eats  salt  with  his  victuals,  is  the  same  as  saying,  he  is  a 
rich  man.  I  have  myself  suffered  great  inconvenience  from  the  scarcity 
of  this  article.  The  long  use  of  vegetable  food  creates  so  [lainful  a 
longing  for  salt,  that  no  words  can  sufficiently  describe  it.^'  This  is  an 
important  statement.  We  may  compare  it  with  an  observation  of  an 
opposite  character  also  recorded  by  Bunge,  which  completes  and  serves 
to  confirm  it.  It  relates  to  the  astronomer,  L.  Schwarz,  who,  after 
living  some  three  months  with  the  Tunguscs  of  Siberia  on  an  exclusive 
diet  of  reindeer  meat  and  game,  lost  the  desire  and  the  habit  of  adding 
salt  to  his  food. 

In  America  similar  observations  have  been  made.  At  the  time  of 
its  discovery  the  greater  numlxir  of  the  tril)os  of  North  America  lived 
by  tlie  chase  and  by  fishing.  They  used  no  salt,  although  it  was  very 
common  in  their  prairies.  A  small  number  only  were  at  that  time 
sedentary  and  agricultural.  These  were  fond  of  .salt  and  undertook 
freijuent  wars  for  tlie  posse^ision  of  saline  springs.  Farther  south,  in 
Moxiiio,  a  sedentary  people  of  more  cultured  character  used  salt  regu- 
larly, while  in  the  Pani{)as,  covered  with  salt  lakes  and  efflorescences, 
the  Gauchos  scorned  a  vegetable  diet  and  the  salt  which  seasoned  it  as 
food  fit  only  for  their  beasts. 

The  examination  of  what  has  occurred  in  the  people  of  the  Indian 
aivhipelago  and  Australia  suppoi-ts  anew  the  law  of  Bunge.  Every- 
where it  is  the  populations  devoted  to  agriculture  that  use  salt.  Every- 
where, also,  peoples  addicted  to  the  chase,  to  tishing,  or  to  a  pastoral 
life  either  disdain  it  or  refuse  to  use  it.  Some  European  explorers 
who  have,  like  Schwarz,  adopted  an  animal  diet  have  become  accus- 
tomed to  do  without  salt,  while  others,  like  Mungo  Park,  reduced  to 
vegetable  food  only,  have  endured  an  almost  painful  hunger  for  this 
sulMtunce. 
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n. 

There  b,  then,  a  well-established  relation  between  a  vegetable  diet 
and  the  need  for  Halt  aiul  reciprocally  between  an  aniinal  diet  and  the 
exclusion  of  this  article  ffom  food.  We  must  now  push  the  matter 
further  and  ask  the  reason  for  these  remarkable  relations.  This  is  the 
orohleiti  formulated  by  G.  Bunge,  who,  as  a  chemist,  has  advanced  a 
very  ingenious  theory  for  it«  solution. 

The  answer  might  bo  very  easy.  If,  for  example,  the  difference 
between  the  two  dietf  was  that  of  a  difference  in  the  amount  of  «alt 
which  they  iVMpectively  contained;  if  the  food  of  vegetable  origin  was 
poor  in  common  Halt  and  that  of  animal  origin  rich  in  that  Hul>stance, 
the  solution  would  l)e  clear;  the  law  empirically  established  by  Bunge 
would  have  a  very  evident  explanation. 

But  the  matter  in  not  ho  nimple.  The  two  kinds  of  diet  are  not  distin- 
guished from  each  other  by  the  quantity  of  salt  which  they  contribute' 
to  the  organism.     In  fact,  both  kinds  are  very  poor  in  salt. 

If  we  examine  food  as  it  comes  from  plants  or  animals  we  find  that 
the  greater  part  of  it  is  tasteletM  and  insipid,  insufficiently  salted  for 
our  taste.  The  albuminoids  of  meat,  the  f&ta,  the  starch  of  cereals  and 
leguniinouH  plants,  do  not,  by  themselves  alone,  exercise  any  action 
iiixtn  our  gustative  sense.  The  flavor  of  our  food  comes  from  second- 
ary products,  from  aromatics  and  odors  that  are  added  in  some  way; 
to  l<e  exact,  from  foreign  sulistance-s  existing  in  very  minute  quan- 
tities, ethers,  acids,  and  ensential  oils  that  culinary  preparation  and 
cooking  only  develop  to  a  greater  degree.  In  general,  natural  food  is 
but  slightly  saline. 

Since  the  small  quantity  of  common  salt  contained  in  natural  aliments 
suffices  for  our  needs  when  the  diet  is  confined  to  animal  food,  it  ought 
to  answer  for  them  in  the  case  of  a  vegctalde  diet.  Why  is  it  other- 
wise? Whence  comes  it  that  one  of  the.^e  methods  of  alimentation 
requires  the  artiticiiil  addition  of  saiti  (Jhemists  have  ascrilied  the 
cause  of  this  peculiarity  to  the  different  composition  of  the  two  kinds 
of  food.  Although  both  contain  equally  small  quantities  of  chloride 
of  sodium,  they  are  distinguished  from  each  other  by  another  niinei-al 
product  which  they  possess  in  an  unctjual  though  considerable  degree. 
This  is  potash.  In  marked  contrast  with  common  salt,  this  substance, 
:ilways  abundant,  varies  very  greatly  in  its  relative  quantity  in  different 
cinds  of  food.  There  are  foods  that  contain  a  great  deal  of  it,  and 
ihese  are  precisely  those  that  ai'e  taken  from  the  vegetable  kingdom. 
Plants  are  generally  distinguished  by  their  richness  in  potassic  salts. 
They  accunmlate  enormous  quantities  of  them,  drawing  them  from  the 
poorest  soils.  Indeed,  before  the  discovei-y  of  the  niinej*  of  Stassfurt, 
the  incineration  of  green  plants  wa-s  the  only  source  of  indastrial  pot- 
ash.    Inversely,  there  are  other  aliments  derived  from  animals  that 
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are  generally  relatively  poor  in  these  compounds.  In  fine,  the  capital 
difference^we  do  not  j-ay  the  only  one — that  diNtinguishes  in  the  eyes 
of  the  (chemist  the  two  mode.i  of  diet,  is  the  abundance  of  potash  in  the 
vegetarian  ration  and  \t»  deliciency  in  the  meat  ration. 

If  we  make  a  lint  of  f(Kid.-i  arrangnl  according  to  the  increasing 
quantity  of  potash  which  they  contain,  it  will  )>e  seen  that  animal 
HuKstanccs  (blood,  milk,  meat)  stiitid  at  the  head,  while  loweut  are  vege- 
tables (liejtnK,  stniwlK-rrios,  potatoe;*,  clover).  Still,  there  are  some 
i-einarkahle  exc:eptions.  Rice,  for  example,  in  vei-y  poftr  in  potash,  a 
kilt^ram  of  rice  in  a  dry  Mttitc  furnishing  only  a  gram.  It  is  true  that 
it  furnishes  still  lews  Kuda  (33  times  les8).  In  this  nispect  a  rice  diet 
approaches  an  animal  diet;  and,  in  fact,  provokes  Imt  a  sligbtappetite 
for  salt.  On  the  contniry.  a  kilogram  of  potatoes  t'ontains  24  grams 
of  potash  and  6*1  times  less  of  soda.  This  food  approaches,  from  this 
point  of  view,  the  vegetarian  type  in  ita  perfection. 

The  information  given  us  by  chemical  analysi.'j  may  then  be  suc- 
cinctly state<l  aw  follows:  The  vegebtlde  kingdom  furnisher  the 
economy  with  nuH-h  potash  and  \»'ry  little  soda — about  35  to  151)  timat 
more  potash  than  soda.  On  the  other  hand,  the  animal  kingdom  reduces 
th(f  supply  of  potash  without  ivducing  in  the  same  degi-ee  the  supply 
of  soda.  It  introduces  into  the  etx)nomy  no  more  than  2  to  5  times 
as  much  potttsh  as  soda. 

All  this  is  perfectly  true  and  interesting  in  itself,  but  it  may  be 
asked  what  it  has  to  do  with  the  question  we  arc  considering,  and 
what  hidden  relation  there  is  between  the  pi-oportion  of  potash  that 
distinguishes  the  two  diets  and  the  inei|uality  in  the  need  for  salt 
which  they  pntduce.  M.  liunge  believes  that  ho  has  discovered  thia 
relation.  His  hypothesis  is  that  potash  is  responsible  for  our  like  or 
dislike  of  salt  in  <-ookery.  This  he  justifies  by  a  series  of  closely  con- 
nected inductions.  The  need  for  salt  is  the  consequence  of  the  loss 
of  salt  from  the  organism,  as  thii-st  is  the  (ionsequence  of  the  lo.ss  of 
water  due  to  hemorrhi^e.  transpiration,  or  other  cau.ses.  The  need 
for  salt  implies  a  previous  loss  of  salt.  Secondly,  the  loss  of  salt 
should  )>c  a  phenomenon  of  a  chemical  nature  resulting  from  reactions 
of  disintegration.  Thirdly,  this  chemical  phenomenon  having,  as  is 
proved  by  exijcriment,  a  n>lation  to  the  different  kinds  of  diet,  should 
be  caused  by  their  chemical  chaiiicteristica — that  is  to  .say,  by 'the  dif- 
ference in  their  proportions  of  potash.  That  is  bis  doctrine.  Theory 
having  led  him  to  this  point,  the  rest  is  a  simple  matter  for  the  clever 
chemist  of  Itiusd;  he  hits  no  difficulty  in  discovering  the  mechanism  by 
which  the  vibrations  of  the  {>otash  introduced  into  the  system  control 
the  proportion  of  salt  that  is  eliminated. 

When  a  theorist  declares  that  something  s/cwW  Ije,  he  usually  sus- 
pects that  it  vi'fi/  Ih!  otherwise;  this  (Recurs  twice  in  the  reasoning 
which  we  have  just  cited.     Hence,  there  arc  two  weak  links  in  the 
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chain  of  argument.  Therefore  the  principle  of  this  theory  is  uncer- 
tain and  may  be  contested.     Indeed,  it  has  been. 

It  is  possible,  contrary  to  the  reasoning  of  Bunge,  to  increase  the 
relative  and  al>soluUt  quantity  of  potawh  taken  into  the  system  with- 
out increasing  the  appetit*  for  salt;  indeed,  we  may  even  decrease  the 
tle-sii-e  for  it. 

An  example  of  this  sort  is  found  among  the  negro  trilws  of  Africa 
who  use  "W(  Halt"  The  use  of  this  mineral  condiment  extends 
throughout  a  large  part  of  eenti-al  Africa  in  the  basins  of  the  Ogove 
and  Sanga  north  of  the  Congo  and  in  the  provinces  of  the  Free  State 
to  the  >40uth  on  the  opposite  side  of  the  river.  The  liu-k  of  sea  salt 
or  rock  salt  causes  these  populations  to  repla<'e  this  substance  by 
another  saline  material  which  they  prepare  on  the  spot  by  their  own 
meauH. 

But  this  is  not  ordinary  Malt-chloride  of  sodium;  it  is  not  even  a 
soda  salt.  They  olitain  this  spurious  salt  from  the  a.shes  of  plants. 
Not  the  first  that  come  to  hand,  for  it  is  not  immaterial  what  plants 
are  chosen  for  this  purpose,  (-)n  the  conti-ary,  they  are  carefully 
selected  species.  They  use  particularly  two  plants  from  the  river. 
The  favorite  one  is  a  floating  aroid  common  on  the  Ogove  and  deter- 
Diined  by  M.  Lccomtc  as  the  I'hi'm atnitwiex.  It  is  said  that  at  cer- 
tain places  this  plant  is  (Cultivated  solely  for  the  purpose  of  exti-acting 
its  salt.  The  sc4'ond  is  a  sort  of  high  bamboo  that  grows  in  clumps 
upon  inundated  t)an':s. 

What  peculiarity  have  these  plants  that  causes  them  to  be  chosen  to 
the  exclusion  of  others?  Wo  do  not  know.  M.  L,  Lapicque.  from 
whom  we  have  derived  a  part  of  this  information,  supposes  that  it  is 
the  slight  proportion  of  carbonates  that  they  furnish  when  incinerated, 
or  as  the  effect  of  subsequent  treiLtment.  In  a  product  destined  for 
food,  the  lack  of  alkaline  carbonates  is  a  decided  advantage,  for  their 
nauseous  odor  and  alkaline  taste  is  repulsive  to  all. 

After  being  harvested  the  plants  are  dried  and  then  burned;  the 
ashes  are  collected  and  leached.  At  Berberati,  on  the  Upper  Sanga, 
Dr.  Herr  witnessed  this  process.  The  aborigines  use  for  this  purpose 
a  rude  tilt«r  made  of  a  conical  basket,  in  which  the  ashes  are  placed. 
Through  this  water  is  passed  and  repassed  several  times  to  dissolve  out 
all  the  soluble  .salts.  The  solution  thus  obtained  is  theu  eva(K>rated 
liy  heat.     The  fixed  residue  forms  the  "  mh  nalt." 

The  composition  of  this  salt,  at  least  as  to  its  general  features,  is 
well  known,  M.  Dybowski,  in  1893,  communicated  to  the  Academy 
of  Sciences  some  analyses  of  it.  Its  composition  varies  little  from 
that  furnished  by  most  plants  similarly  treated.  Normallj',  as  has 
been  already  said,  potash  is  greatly  in  excess  of  soda  in  all  vegetables. 
The  proportion  varies  from  30  to  150  parts  of  potash  to  1  of  soda. 
That  is  what  we  find  in  this  case;  the  quantity  of  soda  is  very  minute. 
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The  characteristic  features  of  the  chemical  compositioo  of  these  plants 
woulij  then  be  an  abundance  of  chloride  of  potassium  and  a  scarcity  of 
carbonates. 

This  sparious  salt  tastes  much  like  common  salt,  but  leaves  the 
sharp  after  taste  of  potassic  salt^.  It  is  not,  on  the  whole,  decidedly 
disagreeable  to  a  European  palate;  the  abori^nes  prefer  it  to  commoo 
salt. 

The  strong  appetite  which  these  sedentary,  agricultural  negroes  have 
for  this  mineral  condiment  quite  justifies  the  rule  established  by 
Biinge,  accoi'ding  to  which  the  need  for  salt  is  connected  with  ^ricul- 
tural  habits  and  vegetable  diet.  And  if  this  appetite  is  manifested 
hero  not  only  for  true  common  salt  but  for  a  sort  of  spurious  salt,  the 
law  is  still  better  exemplitied.  Bunge  goes  so  far  as  to  say  that  in  this 
case  observance  of  the  law  is  carried  even  to  aberration,  but,  on  the 
other  hand,  it  will  lie  readily  seen  that  the  theory  devised  by  the 
chemist  of  Basle  to  explain  his  rule  is  undermined  by  this  very  exam- 
ple, for  this  need  for  salt  being  due,  according  to  him,  to  the  waste  of 
chloride  of  sodium  from  the  organism,  which,  in  its  turn,  is  indii'ectly 
caused  by  an  excess  of  potash  in  the  fo»d,  should  only  be  remedied  by 
restoring  the  lost  chloride.  But  in  this  ea/te  the  anh  salt  that  appeases 
and  satisfies  the  need  is  a  salt  of  pota~sh,  and  so  ought,  theoretically,  to 
exasperate  it. 

The  explanation  of  Bunge  is  therefore  not  tenable.  All  that  expe- 
rience teaches  is  that  an  exclusive  vegetable  diet  causes  a  need,  a  par- 
ticular appetite,  which  can  be  satisfied  by  substances  having  the  taste 
of  cooking  salt  and  (wntiiining  either  chloride  of  sodium  or  chloride  of 
potassium.  In  brief,  from  a  chemical  point  of  view,  it  is  a  need  for 
chlorides;  from  a  physiological  point,  a  need  for  salty  savor;  that  is  to 
say,  for  a  particular  kind  of  gustative  sensation. 

in. 

One  of  the  effects  of  the  progress  of  civilization  has  been  to  sub- 
stitute a  mixed  diet  for  that  of  primitive  peoples,  this  latter  being 
sometimes  exclusively  animal,  at  others  exclusively  vegetable.  At 
the  same  time  the  use  of  salt  has  l)ecome  general  and  is  now  a  universal 
habit,  but  we  have  just  seen  that  itsuscwasoriginally  limited  to  vege- 
tarian peoples  and  ha<t  its  origin  in  a  nee<l  either  for  a  material  con- 
stituent of  the  body  or  for  a  sensation. 

Which  of  these  two  alternatives  is  the  true  one?  Mast  we  admit, 
with  Bunge,  that  we  ha\-c  a  true  chcmicjil  need,  an  appeal,  an  attrac- 
tion of  the  organism  for  a.  substance  necessary  for  ibi  (constitution  and, 
at  the  time,  deficient?  Is  it  not,  rather,  merely  a  need  of  the  senses, 
a  sort  of  pi-otest  of  sense  against  the  habitual  tastelessness  of  vege- 
table foods  which  has  to  lie  i-emedied  by  a  condiment  otherwiue 
inoffensive  ? 
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This  18  the  conclusion  of  the  (greater  number  of  physiologists.  It 
is  that  of  M.  Lapicque,  who  sees,  in  the  appetite  for  salt,  a  particular 
case  of  a  very  general  taste  for  condiments  common  to  all  populations 
that  live  on  vegetables:  To  the  Abyssinians,  who  counteract  with 
herheri,  a  sauce  spiced  with  pimento,  the  insipidity  of  their  durrha  or 
Indian  millet;  to  the  Hindoos  and  Malays,  who  mask  with  curry  the 
tastelessness  of  rice,  the  basis  of  their  diet.  This  is  also  the  opinion, 
of  far  greater  antiquity,  of  Sallust,  who,  speaking  of  the  salt  dis- 
dained by  the  Numidians,  ranks  it  among  the  (dta  I'r-n'tamenia  gida^. 

In  reality,  one  may  rpconcile  these  opinions  and  bring  Bunge  into 
agreement  with  Sallust  and  M.  Lapicque.  The  sole  function  of  con- 
diment>4  is  not  that  of  rendering  ^reeable  the  enforced  task  of  ejtting 
and  of  transferring  into  a  pleasure  the  net^ssity  for  food.  The 
guflbitory  sennation  is  not  wholly  for  the  pleasure  it  gives ;  it  is 
charged  with  an  impyortant  function  relating  t«  the  operations  of  the 
digestive  appamtus.  As  Professor  Pawlow  and  his  pupils  have 
recently  shown,  it  starts  into  action  the  vital  energy  of  the  stomach 
and  induces  the  secretion  of  an  efficient  gastric  juice,  rich  both  in 
acid  and  in  ferment  (pepsin).  Even  the  contact  of  the  food  with  tlie 
mucous  membrane  of  the  stomach,  which  phyHiol<^tstH  have  until 
recently  supposed  to  be  the  only  meann  of  arousing  the  secretion  of 
that  organ,  does  not  have  as  nmch  effect  as  the  sensory  excitation  due 
to  sapid  substances.  The  gustatory  impression  is  more  efficacious. 
It  causes  a  more  abundant  setrretion  of  gastric  juice,  which  is  more 
energetic  in  it-s  action  and  therefore  of  greater  value. 

Condimenti^  and  seasonings  are  therefore  found  to  have  a  justifica- 
tion that  is  to  some  degree  of  a  physiological  character.  They  insure 
the  proper  action  of  the  stomach. 

Salt  does  more.  At  the  same  time  that  it  puts  in  motion  the  secretion 
of  the  stomaeh  it  furni»heH  it  with  materials,  at  least  with  some  of 
them.  Hydrochloric  acid,  which  is  characteristic  of  the  gastric  juice 
and  insures  its  digestive  efficacy,  i-*  derived  from  salt,  from  the  chloride 
of  sodium  of  the  blood.  The  same  origin  should  l>e  ascritied  to  the 
chlorine  compounds  found  in  the  juices  of  the  stomach,  fixed  chlorides 
and  organic  chlorine.  In  other  tenus  the  material  for  the  chlorine 
compounds  of  the  gat^tric  juice  comes  primitively  from  the  salt  of  our 
food. 

This  is  not  the  place  to  discuss  how,  in  order  to  produce  this  result, 
the  salt  of  the  bhH>d  is  deconiiwsed  within  the  gastric  glands.  This 
is  a  problem  that  has  greatly  occupied  modern  physiological  chemists, 
and  upon  which  they  as  yet  do  not  fully  agree.  Maly  haa  suppased 
one  kind  of  niechani»im  for  this  rea<^'tion,  Laudwehr  another.  The 
method  matters  little.  That  which  should  l>e  noted  is  the  fact  that 
salt  is  destroyed  by  gastric  digestion,  and  that  the  equilibrium  of  the 
danism  demands  that  it  i)e  I'oplaced.     If,  then,  the  loan  of  salt  is  not. 
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as  Bunge  supposes,  the  primary  cause  for  the  need  for  salt  so  gen- 
erul  among  all  peoples,  it  ia  at  least  its  consequence  and  ite  physiolog- 
ical justification. 

Any  other  chlonde  than  that  of  sodium  susceptible  of  introduction 
into  the  blood  may  tht^re  participate  in  similar  reactions  and  play  the 
same  part. 

The  a.sh  salt,  rich  in  chloride  of  potassium,  is  a  good  substitute  for 
cooking  salt.  Kcoent  experiments  have  led  MM.  Dasti'c  and  Frouin 
to  conclude  that  chlonde  of  magnesium  may  l>e  used  for  the  same  pur- 
pose with  still  more  striking  results.  The  secretion  of  gastric  juice, 
which  increases  in  quantity  by  the  introduction  of  common  salt  into 
the  blood,  is  still  moi'e  increased  by  the  introduction  of  the  m^nesium 
salt. 

The  same  result  would  l>o  obtained  by  the  introduction  of  the 
spurioas  ash  salt  prepared  by  the  negroes  of  the  Ogore  and  the  Sanga 
as  by  the  use  of  common  salt;  still  better  results  bj-  the  m^nesiuni 
salte  if  other  reasons  did  not  exclude  their  employment.  In  the 
absence  of  salts  belonging  to  the  same  group  as  common  salt  we  may 
even  subntitute,  as  has  been  shown  by  the  well-known  chemist,  E. 
Kalz,  othei-s  farther  removed,  such  as  the  alkaline  iodides  and  bro- 
mides. These  give  rise  to  a  gastric  juice  acidified  by  hydriodic  and 
hydrobromic  acid  instead  of  by  hydrochloric  acid  as  is  nonnal  gjwtric 
juice.  Still,  if  such  a  substitution  in  no  way  affected  the  functions  of 
the  stoma<^h,  it  might  not  be  the  same  in  relation  to  other  oi^ns. 

IV. 

Ordinary  salt,  the  chloride  of  sodium,  is  one  of  the  constituent  ele- 
ments of  animal  organisms,  existing  everywhere  in  them.  The  blood 
has  a  saline  taste  more  or  less  marked;  all  the  secretions  are  salty; 
the  tears  themselves  are  more  salty  than  bitter,  whatever  good  people 
may  8ay  about  them.  Salt  water,  in  fact,  bathes  all  living  particles 
and  loaches  continually  from  the  organic  structure,  escaping  from  all 
its  issues,  carrying  with  it  the  waste  mattei's  which  should  l>e  rejected 
from  the  body. 

Common  salt  is  more  suitable  than  any  other  for  this  purpose.  In 
a  dose  of  it  grams  per  1,01)0  it  forms  a  solution  innoi^uous  to  the  ana- 
tomical elements,  that  can  circulate  around  the  most  delicate  of  them 
without  causing  the  loiwt  damage.  This  close  association  with  salt  has 
be<.^ome  habitual  to  them  from  immcinoriai  usage;  they  have  adapted 
themselves  to  it,  and  it  would  lead  to  some  inconvenience  if  another 
mineral  constituent  should  l>e  too  abruptly  substituted  for  it  In  cer- 
tain animals  that  have  been  bled  to  exliaustion,  life  may  be  kept  up 
for  some  time  if  the  blood  is  replaced  by  a  saline  solution,  named, 
because  of  its  properties,  the  physiological  solution.  A  turtle  or  a 
frog  in  whase  veias  this  fluid  circulates  continues  to  live  for  a  con- 
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siderable  time.  Certainly  tbia  is  not  a  generous  liquor;  the  living 
alimentary  particles  find  in  it  nothing  by  which  tfaey  can  be  nourished 
and  siutoined,  and  they  can  live  in  it  only  as  long  an  their  own  reserves 
may  last,  but  at  least  it  does  them  no  harm.' 

We  may  now  begin  to  comprehend  what  becomes  of  the  salt 
we  consume  in  obedience  to  the  curiouH  need  of  which  we  have 
Hpoken.  It  is  easy  to  predict  its  destiny.  The  greater  part  of  it  will 
remain  in  simple  solution;  the  remainder  will  enter  into  combination, 
more  or  less  intimate,  with  living  matters.  The  former  will  penetrate 
into  the  circulating  liquids,  lymph  and  blood,  and  will  with  them  pass 
through  all  the  systems  of  the  body  without  taking  any  direct  part  in 
the  vital  changes,  but,  on  the  contrary,  act  merely  as  a  tilling,  neutral- 
izing by  the  number  of  its  molecules  the  danger  which  the  cellular 
community  would  incur  if  the  medium  in  which  it  lives  were  too  much 
diluted,  and  it  will  finally  pass  out  by  the  natural  emunctories,  invari- 
able, unchanged,  but  having  performed  the  service  of  removing  from 
the  economy  the  effete  products  of  cell  life.  This  eliminated  salt 
must  l>e  replaceil.  Its  loss,  reacting  upon  the  organism,  is  the  pri- 
mary cause  of  the  need  for  salt. 

The  set^ond  and  smaller  portion  of  the  salt  taken  into  the  body  will 
penetrate  into  the  elements  themselves,  will  make  an  integral  part  of 
them,  will  participate  in  their  cliemical  changes,  not  only  those  which 
give  rise  to  the  gastric  juice,  but  also  others,  finally  becoming 
destroyed  and  lost  to  the  organism.  The  void  left  by  this  continual 
elimination  has  doubtless  some  weight  in  the  sensation  of  need  for 
salt,  which  the  animal  feels.     It  is  a  second  element  of  it. 


The  necessity  for  common  salt  in  the  food  results  from  this  series 
of  changes.  The  organism  could  not  be  maintained,  or,  in  other 
words,  health  would  lie  impaired  if  that  which  was  lost  were  not 
restored.  Mineral  aliments  are  therefore  a  necessity.  It  is  necessary 
that  we  should  have  salt.  There  are  some  physiological  functions  in 
whicli  common  salt  may  be  replaced  by  another,  as  we  have  seen  in  the 
case  of  the  gastric  secretion,  but  there  are  others  for  which  such  substi- 
tution is,  probably,  impossible.  A  modicum  of  chloride  of  sodium  is 
indispensable  to  life. 

In  truth  neither  men  nor  animals  have  to  occupy  themselves  in 

'.\  Bolutioii  of  this  chanu'ter,  havinK  ttie  proportions  of  atx>ut  6  parts  of  [■hecDically 
pure  Botliom  rhlorido  to  1,000  parts  <if  liistilleii  water,  reniiered  aecptii;  and  warmed 
to  100°  F.,  ie  in  commoii  use  in  giirgi-ry  bjkI  medicine,  being  known  as  the  "normal 
salt  Bolution."  Readers  will  doubtless  refill  that  it  waa  used  in  the  lamentable  case 
of  President  MeKinley,  both  for  the  cleansing  of  the  abdominal  nivity  during  the 
surgical  operation  atid  later  as  a  hypodennatic  injection.  It  was  also  used  some 
months  before  with  noiA  effect  in  IIid  trealinent  of  Mrs.  McKinley,  who  was  suffer- 
ing from  a  disorder  that  had  draiiieil  the  blood  of  ite  fluid. — Translaiub. 
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6n(ling  this  modicum.  It  in  nxceeded  by  the  quantities  normally  exist- 
ing in  natural  foods.  The  difficulty,  then,  is  not  in  obtaining  the 
nutritive  »ithHtanc«pt  which  contain  thiu  modicum;  it  would  rather  be 
in  devising  a  food  Nufiioicnt  in  other  respects,  that  ii^  to  say,  as  regards 
nitrogenous,  fatty,  and  starchy  matters,  in  which  this  modicum  did 
not  exist. 

Nevertheless  a  physiologist,  Forster,  in  1864,  was  able  to  do  this. 
He  utilized  the  waste  from  meat  jwwder  derived  from  the  manu- 
facture of  Liebig's  cxtnu^t,  treating  it  several  times  with  boiling 
water,  so  ar<  to  wash  away  almost  all  the  soluble  salte.  With  this 
leached  meat,  togethei-  with  starch  and  fat,  he  formed  a  ration  in  which 
there  was  wanting  nothing  but  the  mineml  salts.' 

Animals  nourished  with  this  ration  in  reality  suffered  from  mineral 
inanition.  The  expenment  of  Forstcr,  carried  out  at  Munich  under 
the  direction  of  Voit.  is,  in  fact,  a  typical  one  of  this  kind  and  perhaps 
the  only  one  performed  until  latterly,  when  Bunge  and  other  physi- 
ologists took  up  the  matter  i^ain. 

The  necessity  for  mineral  alimentation  was  affirmed  as  a  general 
principle  as  early  as  1861  by  Liebig  in  his  Letters  on  Chemistry.  It 
is  true  that  Ohossat  and  Boussingault  had  called  attention  to  the  neces- 
sity for  lime  and  that  Becqnerel  and  Rodier  had  spoken  of  the  need 
for  iron;  but  these  were  only  special  studies.  Liebig  stated  the  gen- 
eral principle:  animals  require  for  their  proper  maintenance  albumen- 
oids,  fats,  either  starches  or  sugars,  and  mineral-  aliments;  but  it  waa 
not  Liebig  who  demonstrated  this,  it  was  Forster. 

In  fact,  the  experiment  of  Forster  relates  to  the  entire  sum  of  min- 
eral matters,  not  specially  to  the  chloride  of  sodium.  It  is  an  example 
of  complete  vioieral  inanition,  not  of  milliie  inanition.  It  furnishes, 
however,  some  information  us  to  the  consequences  which  may  follow 
from  the  suppression  of  salt  in  alimentation.  As  soon  as  the  regimen 
was  established,  the  animal  showed  a  considerable  diminution  in  the 
quantity  of  salt  rejected  by  the  emunotories,  though  the  urea  and  (he 
organic  waste  products  maintained  their  usual  proportion.  The  ot^n- 
ism,  then,  retained  its  mineral  matters;  the  mutations  of  chloride  of 
sodium  engaged  in  organic  combinations  were  slight.  After  twenty- 
six  days  of  this  method  of  alimentation  the  animal  had  lost  but  T 
grammes  of  this  chloride  of  sodium  in  combination.  Its  health,  how- 
ever, was  nmch  impaired.  It  grew  more  feeble  day  by  day.  Nervous 
tiwiblcs  appeared,  consisting  at  first  of  habitual  inertia,  paralysis  of 
the  limbs,  and  later  of  convulsive  seizures  and  attacks  of  madness. 
The  gastric  secretion  diminished  at  on(«.  Toward  the  Last  it  no  longer 
contained  hydrochloric  acid.  Grave  digestive  disturbances  finally 
intervened.  The  animal,  however,  lost  but  little  in  flesh;  its  pining 
away,  its  <'orporcal   and  physical  failure,  was  but  the  i-esult  of  the 

■Thorv  reraaintd  but  eight-t«nt)i«  [ler  ceiitot  the  dry  wei^^t. 


SALT   AND   ITS   PBTBIOLOOIOAL   DfiES.  678 

suppressinn  of  mineral  ttaltts.  The  \at:k  of  conitnon  sa\t  was,  doubtless, 
but  a  single  ftivtor  in  the  production  of  tbe.se  pbenomena.  The  absence 
of  other  ualto,  particularly  of  tbe  phouphateH,  had  also  something  to 
do  with  it.  Nevertheless,  it  is  striking  to  see  what  violent  disturb- 
ances ma;  result  from  slight  variations.  In  fact,  the  animal  suc- 
cumbed more  quickly  from  the  deprivation  of  mineral  elements  alone 
than  it  would  have  done  from  total  inanition,  that  is  to  say,  from  tbe 
suppression  of  all  aliments  except  water. 

'  The  necessity  for  a  modicum  of  common  salt  is  shown  by  these 
experiments.  Chloride  of  isodium  is  then  a  plastic  aliment.  It  is 
placed  by  Munk  and  Ewald  in  the  category  of  nutritive  salts  together 
with  the  alkaline  and  earthy  phosphates  and  the  salts  of  iron.  Accord- 
ing to  statistical  data  the  daily  consumption  of  salt  in  Europe  is  on  the 
average  17  grams  per  capita.  Of  these  about  ^  grams  are  necessary 
to  cover  the  loss  by  disassimilation.  These  two  grams  represent 
nutritive  salts.  The  remaining  15  grams  would  then  repi-escnt  on  the 
one  hand  8  to  10  grams  carried  away  by  excretions  and  necessary 
for  restoring  the  constitution  of  the  circulating  liquids,  and  a  suiplus; 
but,  considering  the  influence  of  salt  upon  the  secretions,  it  would  not 
be  prudent  to  say  that  tbb  surplus  is  a  sacrifice  made  to  the  pleasures 
of  appetite. 

We  have  just  seen  the  ill  effects  of  a  deprivation  of  salt.  We  should 
perhaps  say  a  word  almut  those  which  rfesblt  from  its  excessive  use. 
It  is  known  that  if  taken  in  amounts  beyond  the  average  it  causes 
thirst,  and  an  increase  in  the  renal  excretion.  It  has  been  shown  that 
this  increase  remains  about  the  same  whether  or  not  the  subject  drinks. 
Tbe  water  excreted  is  then  taken  from  the  tissues. 

If  the  absorption  is  pushed  beyond  moderate  quantities,  vomitings 
and  intestinal  disturbances  ensue.  This  kind  of  excess  has  rarely  been 
observed  unless  we  regard  as  authentic  the  story  of  those  midshipmen 
who  are  said  to  have  been  compelled  by  Peter  the  Gfreat  to  drink  sea 
water  for  the  purpose  of  inuring  them  to  a  sailor's  life  and  who  died 
as  a  coDsequCDce. 

VI. 

Besides  taking  an  active  part  in  certain  of  the  vital  phenomena,  com- 
mon salt  fulfills  better  than  any  other  sul>stance  the  conditions  of  a 
medium  that  is  indifferent  and  yet  suitable  for  tbe  physiological  neces- 
sities of  living  matter.  In  animals  as  well  as  in  plants,  in  tbe  mobile 
corpuscles  of  the  blood  as  well  as  in  the  fixed  elements  of  the  tiasues, 
living  protoplasm  is  always  rich  in  potassio  salts.  The  interior 
medium  which  bathes  it  abounds,  however,  in  sodic  salts,  particularly 
the  chloride  of  sodium,  resembling  in  this  respect  sea  water,  which 
might,  if  properly  diluted,  circulate  in  the  veins  and  replace  for  a 
time  tbe  plasma  of  tbe  blood,  as  we  have  seen  may  be  done  with  tbe 
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physioI<^ical  solution.  Some  naturalists,  recalling  the  circumstances 
under  which  life  appeared  on  the  globe,  and  the  manner  in  which  it 
was  for  a  long  time  maintained  in  the  saline  waters  of  the  Palfeozoic 
seas,  have  thought  thej  perceived  in  this  fact  the  survival  of  an 
ancestral  condition. 

From  this  point  of  view  chloride  of  »odium  would  be  an  element 
handed  down  from  remote  times,  t>elonging  to  a  medium  suitable  to 
animal  life,  to  the  blood  and  to  the  organic  humors;  and  mlted  food, 
by  introducing  it  about  the  anatomical  elementn  of  the  body,  would 
recall  the  marine  origin  of  animal  life,  would  conne<-t,  as  one  may  say, 
the  physiology  of  the  present  with  that  of  the  paot.    *    *    * 
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SANTOS-DUMONT  CIRCLING  THE  EIFFEL  TOWER  IN 

AN  AIR  SHIP.' 


r  EuoBME  p.  Ltlb,  Jr. 


As  early  as  3  o'clock  of  the  morning  of  July  liJ,  1901,  a  curious 
procestiioD  eniet^ed  from  a  hillside- inclosurc  on  the  bank  of  the  Seine 
and  proceeded  toward  the  silent  ra<«  course  of  Lon^hamp  ncross  the 
nver.  BesideB  several  correupondeiits,  this  party  was  composed 
mostly  of  young  Parisians,  who  »1ow1y  steered  their  automobiles  while 
they  bent  their  heads  back  and  looked  upward.  Following  them, 
a  few  yai-ds  in  the  air,  there  floated  a  strange,  mysterious  shape,  dim 
and  yellowish  against  the  hazy  dawn.  Several  men  on  foot  guided  the 
aerial  contrivance  by  ropes  which  they  clung  to  jealouHly.  Their  care 
was  natural,  for  they  held  in  leash  the  first  flying  machine;  aod  by 
"flying  machine"  is  meant  one  that  really  has  flown,  and  which 
deserves  its  name  literally,  being  far,  far  removed  from  the  monotony 
of  the  many  failures  gone  before.  But  the  young  Parisians  did  not 
know  BM  yet  that  it  would  fly,  for  this  was  to  bo  its  first  trial — its 
debut  in  the  air — and  not  one  among  those  gathered  to  witness  it  sus- 
pected that  he  was  to  a'^wist  at  a  spectacle  which  history  may  possibly 
com[>ai-e  with  the  launching  of  Fulton's  steamboat  or  with  the  firing 
of  the  first  locomotive. 

At  the  race  ti-ai.ik  the  balloon  was  pulled  down  till  the  framework 
rested  on  the  ground.  A  young  man,  25  years  of  age.  went  hurrying 
about  the  air  ship,  tinkering  at  it  here  and  there  till  the  very  last 
moment,  while  his  comrades  of  the  Automobile  and  Aero  clubs  looked 
on  and  respeotfully  let  him  have  his  way.  He  was  a  very  little  man, 
in  shirtsleeves  and  a  high  collar,  witli  an  a!most  effeminate  speech,  and 
very  amiable,  but  he  seemed  to  know  pretty  well  what  he  was  about. 
When  he  had  examined  the  tube  which  connects  a  cigar-shaped  gaso- 
line tank  with  the  motor,  he  wrapped  a  strap  aix>und  a  wheel  of  the 
motor,  pulled  the  strap  off  again  with  a  sharp  jerk,  and  thus  set  the 
motor  going.  Involuntarily  the  spectators  jumped  back,  for  the  gaso- 
line engine  with  its  four  cylinders  starts  with  a  crashing  explosion,  so 
closely  followed  by  others  that  the  deafening,  bursting  combustion  is 
almost  continuous;  yet  thiough  the  framework  there  is  scarcely  any 
vibration  at  all,  only  a  slight  quivering. 

•Kepriiited  from  Kverybody'a  Magazine,  Philadelphia,  November,  19(11.  Oopy- 
rigbl«<),  reproduced  by  purmiaaiou  of  Douhteday,  Page  &  Co. 
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FOR  THE    FIRST    TIME    IN    HI8TOBV     AN    AIR  SHIP   OBBTS    HER   RUDDER. 

Before  climbing  into  his  basket,  the  alcndei*  little  aeronaut  took  a 
final  look  up  at  the  sky.  He  had  spent  the  last  two  nightis  near  hii^ 
balloon,  patiently  waiting  for  favorable  weather.  He  seemed  satisfied 
now,  and  climbed  into  his  tiny  i»r,  which  is  just  a  narrow  crating  of 
willow  fixed  into  the  forward  nose  of  the  triangular  framework.  The 
guide  rope  was  slackened  and  the  balloon  lifted  him  slowly  from  the 
ground.  He  gave  a  signal  and  the  guide  rope  was  released.  The  bal- 
loon bounded  into  the  calut  air.  Those  below,  bending  back  their 
neckti,  saw  in  the  stern  two  big  fans,  the  screw  of  the  vessel,  begin  to 
turn.  They  watched  breathlessly,  for  the  question  of  that  moment 
was.  Would  those  fans  serve  as  wings,  or  would  the  balloon  prove  only 
a  balloon  after  all,  olieying  no  will  other  than  that  of  the  breeze? 
That  has  ever  been  the  question  when  some  outlandish  contrivance 
would  mount  into  the  air,  and  hitherto  the  answer  at  be.st  has  been 
only  a  sadly  qualified  n^ative.  But  this  latest  contrivance  of  the 
series  appeared  to  be  acting  deliberat«ly  and  rationally.  She  pointed 
her  nose  slightly  upward  and  rose  higher.  Her  rudder  shifted  and  she 
slowly  began  to  turn,  and,  following  the  track,  made  the  circuit  of 
the  race  course.  On  nearing  the  spectators  tho  vessel  pointed  her 
nose  downward  and  slowly  dest^ended.  A  moment  later  the  littli* 
aeronaut  climbed  fixtm  his  basket  to  the  ground  as  one  might  alight 
from  a  bicycle.  But  the  blood  was  stinging  in  his  face,  and  joy  fairly 
burned  in  his  eyes.  He  nppreciated,  though  only  vaguely,  what  he 
had  done.  He  bad  been  striving  to  do  this  same  thing  with  one  bal- 
loon after  another  for  a  number  of  long,  patient  years.  Before  night 
of  that  day  his  name  was  known  all  over  the  world. 

Once  more,  then,  this  little  Brazilian  aeronaut,  Alberto  tiantos- 
Dumont.  climbed  back  into  his  basket.  He  said  that  he  would  make 
the  round  again,  and  with  a  gesture  indicated  his  Intended  landing 
place.  He  mounted  a^  easil}'^  as  liefoi'c,  swept  around  the  track,  and 
descended  neatly  on  the  spot  he  had  pointed  ouL  This  was  certainly 
an  accumulating  of  evidence,  and  he  had  to  l>elicvc  that  this  last  air 
ship  of  his,  the  •Sntitm-Diimoni  V,  had  pi-oved  a  success  on  her  first 
trial.  It  was  as  simple  as  spinning  around  the  track  on  an  automo- 
bile. Four  more  times  he  did  tho  same  thing.  His  chariot  was  per- 
fectly manageable,  and  answered  the  rudder  as  docilely  as  a  good 
horse  does  tho  reins.  During  all  the  experiments  of  that  morning  he 
had  no  recoui-se  whatever  to  ballast,  and  was  yet  entirely  master  of  his 
altitude.  This  was  due  to  the  guide  rope,  a  heavy  cord  several  hun- 
dred feet  long,  banging  from  the  forwai-d  nose  of  the  car.  By  pulling 
it  toward  the  center  of  equilibrium  or  letting  it  out  again,  he  could 
incline  the  axis  of  the  l)alloon,  pointing  her  up  or  down,  and  then,  by 
propulsion  of  the  fans,  he  could  mount  higher  or  drop  lower  at  will. 
Sometimes  he  attained  a  speed  of  25  nulcs  an  hour. 


FmsT  Flight  around  Lomochamp,  Fridav,  Julv  12.  6  a.  m. 

™'     ""'^       het  now'S^hlly  upwiiS  dlS  roue  higher." 
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These  triumphs  teiidintr  to  make  him  more  mn'iitious,  he  lnule  his 
friends  au  rovoir  and  trailed  off  for  the  near-by  station  of  Puteaux, 
roturtting  very  BOon  without  touching  gi-ound.  It  was  how  that  ho 
declared  for  the  Uttie  flying  trip  around  Eiffel  Tower.  He  refilled 
hiij  petroleum  v&n  and  off  ho  started  at  un  encouraging  rate,  while  his 
friends  stared  aftur  him,  8till  too  dazed  for  the  hysterica  of  enthusiasm 
whioh  were  soon  to  possess  them. 

FKOM    LONIKlllAMP  TO   THE    BIFFEI,  TOWBK  TIIItOUOH  THE   AIB. 

The  distance  from  Longchamp  to  the  tower  is  a  little  more  than  3  miles, 
but  the  airship  made  it  in  ten  minutes,  keeping  at  an  altitude  of  from 
100  to  3(MI  yanls.  It  is  difficult  to  imagine  what  must  have  been  the 
astonishment  of  early-morning  visitors  on  the  tower  when  they  saw  a 
man  in  a  flying  machine  come  soaring  near  theni  and  genially  waive 
them  his  greetings. 

The  bizarre  traveler  rounded  the  tower  and  was  returning  whence 
he  came  when  one  of  the  gear  cords  of  his  rudder  broke.  So,  as 
naturally  as  a  wheelman  dismounts  to  rejmir  a  puncture,  he  came  down 
into  the  Trocad^ro  Gardens,  borrowed  a  ladder,  climbed  up  the  side  of 
his  balloon,  tied  the  cord,  and  leniounting,  proceeded  on  his  way  back 
to  Longchamp.  Counting  in  the  delay,  he  had  been  gone  one  hour 
iind  isix  minutes. 

By  this  time  the  party  at  the  i-ace  course  had  recovered  sufficiently 
from  their  amazement  for  more  or  less  intelligible  eongi-atulations. 
He  had  solved  the  fatuous  problem  of  aerial  navigation— that  was  their 
refrain.  And  almost  the  entire  press  of  that  day  supported  their 
words.  He  had  undoubtedly  steered  a  balloon.  The  two  essentials 
were  there,  and  they  had  worked  effectively,  itamely,  the  propeller 
and  the  rudder.  He  had  sailedthe  four  points  of  the  compa.ss,  he  had 
.  nailed  in  circles,  and  he  had  sailed  up  and  down,  and  the  bulky  aerostat 
of  Count  Zeppelin  over  Lake  Constance  was  now  raU^d  as  an  insignifi- 
cant step,  while  the  real,  great  stride  hod  just  been  m-hieved  by  the 
young  Brazilian.  So  his  companions  insisted  that  he  should  try  at  once 
for  the  Grand  Prix. 

THE   BALLOONISTS'  GRAND    PRIX   ANI>   ITS  CONDITIONS. 

Now  it  should  l>e  explained  that  the  Grand  Prix  referred  to  is  the 
official  goal  of  balloonists.  A  wealthy  member  of  the  Aero  Club, 
Heniy  Deutsch,  founded  the  prize  last  year.  The  amount  is  $20,000, 
but  the  conditions  seemed  too  prepo.sterous;  very  ingenious,  only 
impossible.  The  conditions  prescribe  that  the  winning  aeronaut  shall 
start  in  his  airship  from  the  Aero  Club  Park  (the  inclosed  hillside  on 
the  Seine  near  Longchamp),  sail  to  and  around  the  Eiffel  Tower,  and 
return  and  land  in  the  park,  a  trip  of  about  8  miles,  without  touching 
BM  1901—37 
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ground  or  aught  else  in  the  meantime,  and  all  within  the  maximum 
time  limit  of  a  half  hour.  Although  this  offered  a  defiiiit«  incentive 
to  plunge  into  what  was  one  of  the  most  fascinating  imposaibtlities  of 
the  future,  only  the  flying-matrhine  inventors — the  synonym  of  a  disor- 
dered mind — regarded  Hying  machines  with  any  respect.  This  fascina- 
tion had  long  enslaved  the  rich  j'oung  Unizilian,  when  one  day  the 
Grand  Prix  was  founded,  and  he  constructed  his  Sav/t)s-J}umont  IV 
to  win  it,  seeking  thereby  the  official  recording  of  a  definite  triumpb. 
For  him  the  i>20,(MX)  would  l)o  merely  a  little  purse  for  the  building  of 
more  air  Hhips.  But  before  he  housed  his  aerial  pet,  Santos-Duntont  V, 
in  the  balloon  shed  at  the  [>ark  that  morning  of  July  1^,  he  announced 
to  his  friends  that  ho  would  trj'  again  for  the  Grand  Prix. 

A    SKCOND    FLIGHT  TO   THE   TOWER   BEFORK  THE   I'RIZE  tX)MMnTEE. 

At  4  o'clock  the  next  morning,  July  13,  the  sky  was  mottled  with 
clouds,  while  a  choppy  wind  blew  from  the  west;  but  as  there  was  no 
change  for  the  worse  by  5  o'clock,  San tos-F> union t  Iwgan  making 
prcpanitions  for  his  flight.  Long  lieforc  he  was  through  with  testing 
the  parts  of  his  machine,  a  crowd  had  begun  to  gather  in  the  park — 
whiTlmcn.  chauffeurs,  photogniphers,  and  con-espondenta.  At  6.20 
the  great  sliding  doors  of  the  Italloon  house  were  pushed  open,  and 
the  luasstve  inflated  occupant  was  towed  out  into  the  open  space  of  the 
park.  The  big,  jjointod  nose  of  the  Italloon  and  its  tisb-liko  belly 
resembled  u  shark  gliding  witli  lazy  ci'aft  from  a  shadow  into  light 
waters.  In  the  tasket  of  the  car  stood  the  coatless  aeronaut,  who 
lauglu^  and  chatted  like  a  lx>y  witli  the  cixtwd  around  him.  The  prize 
committee  v,a»  there  and  expressed  its  hojxis  for  a  successful  trial. 
This  coimnittt'C  is  composed  of  Count  Henri  de  la  Vaulx,  the  vice-pres- 
ident of  the  Aero  Club,  who  intends  shortly  to  ci-oss  the  Mediterra- 
nean in  a  Imlloon  :  Prim*  Itoiand  lionapartc;  Henry  Deutsch,  and  two 
members  of  the  National  Institute,  MM.  Boutjuet  de  la  Grye  and 
Caillctct. 

From  the  very  first  the  conditions  did  not  show  themselves  favor- 
able for  the  attempt.  The  wind  wjls  blowing  at  the  rate  of  6  or 
7  yards  a  second.  The  change  of  teuiperature  from  the  balloou 
house  to  the  cool  morning  air  had  somewhat  condensed  the  hydrogen 
ga-s  of  the  balloon,  so  that  one  end  flapped  al>out  in  a  sadly  flabby 
manner.  Air  was  ))mi)ped  into  the  air  reservoir,  or  Imllonet,  inside 
the  iialloon,  but  still  the  desired  rigidity  was  not  attained.  But,  more 
dis<'oum{riiig  yet,  when  the  motor  was  started,  its  contmuous  explo- 
sions gave  to  the  practiced  ear  signs  of  mechanical  discord.  It  should 
be  state<l  that  this  motor  can  Imj  started  only  from  the  ground,  by  the 
strap  twisted  aroimd  the  wheel,  as  already  mentioned.  Once  the 
motor  .stops  while  in  air,  there  is  no  way  to  set  it  going  again  without 
coming  down  to  earth. 
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Nev«rthel»(ws.  Suntos-Dumoiit,  with  his  sleeves  rolled  up,  fixed  him- 
Hclf  otiie  more  in  bis  Itunket  with  much  the  same  air  an  a  workman 
seats  himself  l>efore  hi«  lathe  for  the  day's  work.  His  eye  took  a 
careful  survey  of  the  entire  air  ship  lest  some  preliminary  had  l»een 
overlooked,  lie  counted  the  ballast  ba^^s  under  his  feet  in  the  basket, 
he  looked  to  the  canvas  pocket  of  loose  sand  at  cither  hand,  then  saw 
to  his  ^uide  rope.  Everything  appeared  to  iw  all  right.  Several 
friends  shook  his  hand,  among  them  Mr.  DcuUn^h.  Count  de  la  Vaulx, 
with  watch  in  hand,  stood  ready  to  l)egin  counting  the  official  time. 
The  chattering  stopped,  and  the  place  was  very  still  as  the  man  hold 
ing  the  guide  rope  awaited  the  .'signal  to  let  go.  Then  the  little  man 
in  the  basket  above  them  rai.sed  bis  hand  and  .shouted.  On  the  second 
the  timekeeper  (Count  dc  la  Vaulx)  billed  off  0.41,  and  man  and  balloon 
would  have  to  be  back  by  eleven  minutes  after  7. 

At  first  it  did  not  look  like  a  nu-c  again.-<t  time.  The  balloon  rose 
sluggishly,  and  Santos-Dumont  had  to  dump  out  Img  after  bag  of 
sand,  till  finally  the  guide  ropti  was  clear  of  the  trecH.  All  this  gave 
him  no  opportunity  to  think  of  his  diivction,  and  he  was  drifting 
toward  Ver.saille.><;  but  while  yet  over  the  Seine  he  pulled  his  rudder 
ropes  taut.  Then  slowly,  gracefully,  the  enormous  spindle  veered 
TOund  and  pointed  its  nose  toward  the  Eiffel  Tower.  The  fans  spun 
energetically,  and  the  air  ship  si^ttled  down  to  business-like  traveling. 
It  marked  a  straight,  decided  line  for  Its  goal,  then  followed  the  chosen 
route  with  a  considerable  speed.  Soon  the  chug-chugging  of  the 
motor  could  i>e  heanl  no  longtu'  )>y  the  spet^tat^trs,  and  the  Inilloon  and 
car  grew  smaller  and  smaller  in  its  halo  of  light  smoke.  Those  in  the 
park  .saw  only  the  screw  and  the  rear  of  the  imlloon,  like  the  stern  of  a 
steamer  in  dry  dtn-k.  Kefore  iongtmly  a  dot  remained  against  the  sky, 
butthedotwas  still  moving.  Steadily  it  neared  the  shadowy  olndisk  line 
which  was  Eiffel  Tower,  then  scuively  visible  in  the  hejtt  mist  of  Paris. 
Suddenly  the  dot  vanishwl  bithind  the  tower,  thus  bringing  togttther 
man's  two  ways  of  getting  into  the  air,  the  one  from  a  century  just 
clo.sed,  the  other  from  a  century  just  iH'ginniiig. 

To  the  throng  waiting  in  the  park  the  dot  seemed  itiotted  from  sight 
for  a  long  while,  but  at  last  they  eouid  distinguish  it  emerging  from 
the  foggy  ladder-shape  outlined  against  the  sky.  They  could  not  tell, 
however,  whether  it  had  really  gone  around  the  tower.  If  Santos- 
Dumont  had  not  doul>led  the  tower,  then  the  greater  interest  in  his 
return  was  lost.  It  would  Iw  no  longer  a  race.  Still  the  people 
kept  ccnmt  of  the  minutes  as  they  wntchcd  the  speck  grow  larger  and 
larger,  and  gradually  evolve  into  the  form  of  an  air  ship.  The  morn- 
ing sun  caught  on  the  burnished  copper  of  the  petroleum  reservoir, 
and  the  man  could  Ive  seen  in  his  car,  nnd  then  a  messenger  in  an  auto- 
mobile raced  up  to  the  park  gate.  He  brought  the  marking  of  the 
official  timekeeper  on  Eiffel  Tower,  and  his  announcement  laid  alt 
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doubfci.  The  Santm-Dumont  V  had  doubled  the  tower,  he  announced, 
passing  20  yunl^  to  leeward,  time  (t.&4.  That  meant  half  the  journey 
in  thirteen  minutes,  a  gain  of  two  minutes. 

WAS  THE  GRAND  PBIX  WON  J 

The  crowd  gazed  upward  to  the  still  distant  balloon,  and  some  in 
their  eDthuuiasni  yelled  to  the  aeronaut  to  hurry,  hurry  faster.  The 
grand  ^rix  was  won,  of  that  everybody  was  eertain.  But  as  the  min- 
utes were  counted  off,  and  the  l>alloon  did  not  seem  to  be  approaching 
with  the  Mpccd  oxpeeted,  doubts  began  to  grow  among  the  eager  ones. 
Only  four  minutes  left,  only  three.  Was  he  going  to  lose,  after  all^ 
There  he  waw,  steering  far  above  the  river,  and  they  eould  even  hear 
the  popping  of  his  motor.  Evidently  something  was  wrong.  The 
air  ship  labored  desperately  in  the  face  of  the  wind,  and  when  at  last 
it  hovered  over  the  park  the  time  was  7.22^ — eleven  minutes  late. 
And  yet  he  had  not  landed.  Instead,  the  wind  swept  him  back  across 
the  river.  Twice  he  returned  with  extreme  difficulty;  and  then,  sud- 
denly, the  motor  stopped.  With  that  the  Santon-J^umoni  F  was  as 
an  ordinary  balloon,  and  she  went  with  the  wind,  off  over  the  Bois  de 
lloulogne.  A  moment  later  she  came  down  heavily  and  disappeared 
in  the  trees. 

A  CATASTROPHE  IN  THE  GARDEN  OF  BARON  ROTHSCHILD  AND  THE  BESCDK 
BY  A  PRINCESS. 

A  dozen  friends  sprang  to  their  automobiles  and  raced  away  in  that 
direction.  Each  one  dreaded  finding  Santos-Dumont  probably  mangled 
and  lifeless.  They  found  him  on  his  feet,  with  his  hands  in  his  pock- 
ets, reflectively  looking  up  at  his  airship  among  the  top  branches  of 
some  chestnut  trees  in  the  grounds  of  Baron  Edmund  de  Rothschild, 
Boulevard  de  Boulogne. 

"  I  should  like  to  have  a  glass  of  beer,"  he  announced,  which  called 
forth  a  nervous  laugh  of  relief. 

Now,  next  door  to  Kothscbild  lives  His  Royal  Highness,  the  Comte 
d'Eu,  and  from  a  window  Her  Imperial  Highness,  the  Comtesse  d'Eu 
had  l»ecn  wat<;:hing  the  antics  of  the  flying  machine  and  its  finale.  Her 
.imperial  highne^ss  is  a  daughter  of  Dom  Pedro,  of  Brazil,  and  conse- 
quently a  compatriot  of  young  Santos-Dumont  As  there  ought  to  be 
a  princess  somewhere  in  an  airship  .•^to^y,  it  proved  quite  convenient 
that  her  imperial  highness  lived  next  to  the  Riron  Edmund  de  Roths- 
child, for  she  sent  over  a  hamper  of  champagne  and  refreshments,  with 
kind  inquiries.  Santos  and  his  rescuers  disposed  of  the  champagne 
and  I'efreshnients;  and  then  Santos,  coatless,  dusty,  and  mussed  up, 
hurried  over  to  thank  the  princess.  Her  highness  spoke  words  of 
encouragement  and  pointed  to  Dom  Pedro's  picture,  and  then  Saotos 
went  back  to  untangle  his  air  ship  from  the  chestnuts.        ,  ~  i 
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When  he  had  cut  the  wires  Iwtween  the  balloon  and  the  car,  he  dis- 
covered, gi-eatly  to  his  surprise,  that  the  damage  was  really  nothing. 
TTie  delicate  skeleton  framework  was  unhurt,  except  for  a  slight  sprain- 
ing of  the  propeller  shaft.  Then  the  young  man  was  jubilant,  for  hia 
treasure  had  certainly  looked  like  a  wreck.  He  could  listen  to  ques- 
tions at  lust,  and  he  gave  his  story  of  the  flight  and  fall,  which  you  may 
lie  sure  was  listened  to  eagerly.  To  wiy  nothing  of  the  strong  wind 
he  bad  to  tight  against  in  coming  hack,  his  chief  trouble  wa-s  with  h'm 
motor.  Soon  after  going  up  one  of  the  cylinders  had  stopped,  and  a 
little  later  a  se(^ond.  As  he  could  not  restart  them,  his  motive  power 
was  thus  cut  down  one-half  for  the  rest  of  the  trip,  the  motor  at  last 
giving  out  altogether.  The  wind,  of  course,  carried  him  Imck  over 
the  river,  and  as  he  did  not  wish  to  come  down  in  the  streets  of 
Boulogne  beyond,  and  perhaps  on  top  of  somebody,  and  be  taken  up 
for  reckless  ballooning,  he  de^iidcd  to  come  down  quick  where  he  was. 
So  he  ripped  out  a  panel  of  silk  and  found  himself  in  the  tree  tops. 

But,  after  all,  the  only  thing  that  kept  him  from  winning  the  prize 
was  the  time  limit.  It  must  bo  considered,  however,  that  the  donor 
ask.s  the  competitors  to  do  something  in  a  half  hour  which  has  never 
been  done  lyefore,  although  men  have  been  trying  foi-  a  century,  and 
that  is  to  steer  a  balloon.  Weighed  against  a  century,  a  delay  of 
eleven  minutes  can  not  count  for  much  against  success. 

PREPARATION    FOR   A   THIRD  TRIAL. 

Within  a  week  the  Santos- Durnont  Kwas  all  shipshape  again,  and 
awaiting  good  weather  for  another  try  at  the  Grand  Prix.  The 
weather,  though,  had  been  unobliging,  and  Parisians  had  haunted  the 
Aero  Chib  Park  in  vain.  Sunday,  August  4,  Santos-Duinont  did,  in 
fact,  start  for  another  trial,  hut  he  had  not  gone  a  quarter  of  the  dis- 
tance when  be  turned  around  and  mmc  hark.  The  gui<le  rope  was 
not  working  right.  Another  spectacle,  however,  rather  offset  the 
popular  disappointment.  When  fully  6(XI  feet  in  air,  the  plucky  little 
fellow  climhetl  out  of  his  Iwisket  and  moved  around  on  the  slender 
f  i"amework  to  adjust  a  cord  that  did  not  suit  him. 

THE  TRIAL  AROUND   THE    KIFFF.L  TOWER   AND   RACK. 

It  was  on  August  8, 1901,  that  M.  Santos- Dumont  made  a  third  trial 
for  the  Grand  Prix,  witli  the  odd-looking  air  .ship  constructed  of  two 
cigar-shaped  l>ailoon.s,  with  the  car  for  the  lasket  and  motors  sus- 
pended between  them.  Instead  of  disaster  and  destruction,  he  began 
with  every  prospect  of  success,  and  strengthened  his  claim  as  a  navi- 
gator of  the  air.  He  started  from  the  park  at  6.13  a.  m.,  under  the 
best  of  conditions.  His  balloon  rose  quickly  in  the  almost  absolute 
calm,  so  that  without  loss  of  time  he  started  the  screw  and  veered 
round  in  a  straight  line  for  Eiffel  Tower.     The  trip  there  was  as  a 
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bird's  flglit,  ctcaii-piit,  and  unswerving.  He  {jained  and  rounded  the 
tower  in  nine  minutes,  a  gain  of  four  jninutes  over  his  tirst  trial,  or 
less  than  one-third  of  the  time  limit.  He  bad,  therefore,  twenty-one 
minutes  in  which  to  make  the  same  trip  Inwlt.  It  would  be  stubborn 
hard  luck  that  could  keep  him  from  the  prize.  But  that  is  what 
happened. 

The  tower  waw  no  sooner  rounded  than  diiSculties  .seemed  to  begin. 
Without  ap()arent  <-Hus(t  the  air  shij)  suddenly  pointed  upward,  and 
mounted  ItKI  yards  higher  in  air.  Then  it  Iwgnn  to  -nink  toward  the 
roofB,  Iwreft  of  buoyant  force  or  vitality.  It  wa.i  l>eyond  control,  and 
itR  navigator  was  l>eing  tos«ed  in  midair,  more  helpless  than  a  .naiior 
clinging  to  n  plank.  lie  .started  the  ventilators,  to  inflate  the  l>allonet 
with  air  and  make  the  Italloon  rigid,  but  iw  a  climax  to  despair  the 
ventilatoi-s  would  not  work.  The  ImiIIooii  Irecame  flabby,  and  even  it« 
ends  doubled  on  itself  like  a  ]x>cketknife.  Thi.f  brought  the  vair^n  that 
siii4pend  the  framework  into  trouble  with  the  turning  .screw,  and  in  a 
moment  several  of  them  .snappiMi.  .lust  in  time  to  save  himself  from 
being  <'Ut  away  from  the  Italloon  eiitiivly  and  da.shcd  to  the  ground, 
Santos  stopped  the  screw,  and  then  the  unwieldy  air  ship  dragged 
lower  to  the  earth,  and  wns  soon  .skimming  over  some  high  hotels 
that  liad  been  Imilt  for  the  exiKtsition.  Once  he  was  jolted  against 
a  cornice,  and  once  again  he  wits  so  low  that  his  guide  rope  coiled 
along  the  ground.  A  (■arpt^nter  seiziKl  the  end  and  wrapjx'd  it  around 
the  iron  bars  of  a  window.  Hut  the  breeze  carried  the  iMilloon  on.  and 
with  a  jerk  the  guide  rope  tore  out  the  ii-on  Itars.  On  the  edgeof  the 
next  hotel  roof  the  )>all<H)n  was  stranded  and  wrecked.  The  frame- 
work, though,  holding  the  heavy  motor  and  the  man,  dangled  from  its 
wii-ing  over  the  wall  of  the  building.  A  moment  it  hung  suspended, 
then  its  lower  end  settled  on  th<;  roof  of  a  two-story  restaurant  next 
door,  and  its  upper  end  again.st  the  wall  of  the  hotel.  There  was  a 
si>aco  lietween  the  two  buildings,  and  the  framework  spanned  this 
space  almost  perpcndicuhirly.  The  delicate  wooden  beams  .^trained 
and  ci-aeked,  ready  to  break  an<l  bring  its  load  to  the  ground. 

A  company  of  firemen  wei'e  on  liand  almost  at  ontro,  and  from  the 
top  of  the  hotel  they  threw  a  rope  to  Santos- Dumont,  who  tied  it 
around  his  waist  and  allowed  himself  to  be  drawn  up.  Ho  had  not 
suflered  a  scratch,  but  he  sufl'ei'ed  much  more  than  that  when  the  fire- 
men began  to  extract  his  beloved  air  ship.  With  ea<;h  ci-acking  of 
wood  he  shuddered  as  though  it  were  a  bone;  yet  despite  his  anxiety 
and  the  care  of  the  firemen,  the  framework  broke  into  halves,  and  was 
soon  found  to  be  irreparable,  and  the  same  fate  met  the  balloon.  The 
only  consolation  was  the  motor,  which  seemed  to  bo  unhurt. 

"Now  what  arc  you  going  to  do*"  one  of  his  friends  demanded. 

"  Why,  begin  again,  of  course.     One  has  to  have  patience." 

And  that  someday  he  gave  orders  for  another  balloon,  which  will 
be  the  balloon  of  the  air  ship  SanttKi-Iimnmit  VI.    The  new  air  ship 
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will  he.  on  the  name  pattern  as  the  old,  exwpt  with  a  ulightly  greater 
cubic  capacity.  It  can  hardly  l>e  ready  for  a  prize  trial,  however, 
before  the  contesbi  next  .spring.  Still,  Santos- Dumont  knows  now 
that  he  can  navigate  the  air,  and  he  h  merely  going  to  do  ^ain  what 
he  ha»  already  done. 

But  M.  SantOM-Dumont  will  soon  have  competitors,  among  them  M. 
Dciitrtch  himself,  who  exppcts  to  pnt  in  the  ticld  within  a  short  time  a 
colossus  (15  yai-ds  long,  with  a  nipucity  of  over  a,5iXI  cubic  yards,  and 
a  gasoline  motor  of  t!M  horsepower. 

A    I>EflOKlmON    OF  THE   AIR  SHIP. 

Recall  the  flying  iniu-hine  of  your  imagination,  and  you  will  liave 
ready-inade  for  your  mind's  eye  a  likenesM  of  this  SiniioK-Duiimnt  V. 
It  is  simply  that  conventional  creature  pictured  in  the  iLsual  wild  tale 
of  the  future,  the  regulation  cigar-shaped  thing  'mid  a  vague  compli- 
cation of  wings  and  rudders  and  cords  and  cylinders.  The  gas  l)ag  is 
a  tremendous  cigar,  while  the  framework  beneath  for  Imsket  and 
motor  is  a  smaller  tremendous  cigar.  Now,  there  is  a  reason  for  this 
shape  quite  apart  from  the  demands  of  twenty-first  century  i-omances. 
It  would  l)e  as  a)>surd  to  try  to  steer  a  spherical  Imlloon  as  to  guide  a 
spherical  steanilmat.  The  «])indle  form  offers  less  resistance  to  air 
currents,  so  almost  from  their  earliest  experiment  the  flying-ma^^hine 
architects  have  adopted  the  cigai-  for  a  model.  To  secuns  rigidity  they 
put  an  air  ImvIUhmi,  or  ballonet,  inside  the  gas  balloon,  and  when  a 
cooling  cloud  or  <'hange  of  temperature  contracts  the  gas,  they  pump 
air  as  needed  into  the  Imllonet,  which  makes  the  entire  liag  tight  and 
snug.  Santos -Dumont  first  fills  his  Ijalloon  as  full  as  possible  with  pure 
hydrogen,  and  the  inner  Indloon  lies  empty  in  the  belly  of  the  big  one. 
He  thus  has  as  a  mai^in  against  condensation  the  Iiallonot's  capacity, 
60  cubic  yai-ds.  The  ballonet  fills  with  air  automatically  from  a  pump 
worked  by  the  motor,  and  in  case  of  expansion  and  too  great  pi-essure 
the  springs  in  the  valves  are  forced  ojien  and  the  air  is  let  out  first,  and 
the  gas  afterwards,  if  necessary.  In  the  photographs  you  may  sec  the 
air  duct  hanging  from  the  balloon  to  the  pump. 

The  tiny  steel  threads  tliat  suspend  the  fi-amework  seem  absurdlj' 
inadequate.  Near  the  ends  they  are  twisted  iuto  springs,  which  allow 
for  a  slight  rocking  caused  by  the  motor's  vibi-ation.  A  few  yards 
away  the  line  piano  wiros  are  invisible,  and  then  the  man  in  his  aerial 
car  appeai-s  to  follow  as  a  satellite  under  the  balloon.  The  great 
yellowish  Img  of  hydrogen,  37i  yards  long,  6i  yards  in  diameter, 
with  a  capacity  of  715  cubic  yards,  looks  sleek  and  peeled,  like  the 
pigskin  of  an  enormous  Uugby  football,  and  nothing  at  all  like  silk. 
Eai'li  panel  in  the  texture  has  Iwen  rigorously  tested  under  pressui'e 
and  is  capable  of  the  maximum  strain  exacted.  The  elongated,  trian- 
gular car  beneath   is   constructed   of  three   slender  unpainted   pine 
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beams  with  cross-piecen.  When  examined  as  it  lies  stalled  the  long 
length  of  the  Imlloon  hou»p,  thiu  car  appears  altogether  too  delicate 
for  carrying  a  man  and  an  engine  several  hundred  j'ards  over  the 
house  tops.  Though  over  59  feet  long,  it  weighs  only  110  pounds, 
and  early  in  the  spring  of  1900  the  inventor  was  able  to  pack  it  in  his 
trunk  by  sections,  bringing  it  from  Nice,  where  it  had  been  made  during 
the  winter,  to  Paris.  The  carefully  chosen  strips,  bent  to  form  the 
long  curves  of  the  triangular  frame  twmplete,  are  never  thicker  than 
two  of  your  fingers  put  together.  During  this  spring  he  remounted 
them  in  hiM  workshop  at  the  Aero  Club  park,  the  workshop  being  also 
the  great  barn  of  a  balloon  bouse.  He  made  the  joints  of  aluminum 
and  fastened  the  cross-pieces  with  thtn  steel  wire.  About  8  yards 
from  the  atern  he  suspended  the  gasoline  automobile  motor  from  the 
upper  beam  of  the  triangle  by  piano  wires.  Here  the  compact  little 
engine  of  4  cylinders  and  16  horsepower  bangs  like  a  spider  in  the 
center  of  her  web.  Over  ea<^h  cylinder  spins  a  ventilating  fan  to 
prevent  overheating.  The  motor  turns  a  shaft,  and  attached  to  the 
shaft  is  a  propeller,  exactly  like  the  screw  of  a  ship.  The  two  wings 
of  the  screw  are  of  silk  strct*^hed  over  their  frames  like  the  head  of 
B  drum.  They  mea.sure  +i  yards.  Ordinarily  the  industrious  little 
motor  spins  the  shaft  ai-ound  at  the  rate  of  200  revolutions  to  the 
minute;  hut  since  putting  things  into  shape  after  his  descent  of  .Inly 
l-H  the  inventor  ha.s  Iwen  able  t^>  increase  the  s[)eed  to  210  revolutiors 
a  minute.  The  whirling  pinions  then  have  a  striking  force  of  175 
pounds.  Above  the  propeller  and  under  the  tail  of  the  balloon  is  the 
rudder,  a  curved  triangular  blade  made  in  the  same  way  as  the  wings. 
As  both  propeller  and  riidiler  are  thus  placed  at  the  stern,  the  forward 
end  is  left  free  for  the  guide  rope,  by  which  the  air  ship  may  be 
inclined  upward  or  downward.  By  this  device  the  aeronaut  may 
ascend  or  descend.  In  his  former  Imlloons  be  used  sliding  balla.st 
bags  at  either  end  to  maintain  his  c<:|uilil>riuni,  but  in  this  last  Imlloon 
he  has  been  able  to  dis<^'ard  these. 

To  readjust  the  balam-e  against  the  motor,  as  well  as  to  equalize  the 
sti'ain  on  the  wires  suspending  the  framework,  the  Itasket  is  placed 
forward  of  the  centci'  Ity  nearly  K  yards.  This  lia-sket  is  a  deep,  nar- 
row affair  of  open  willow  work.  A  larger  man  than  the  wirj'  aeronaut 
would  have  to  sfjueeze  to  climb  into  it.  On  eitlier  side  a  narrow 
wooden  l)ar  stretches  out  3  or  4  yaixls,  which  is  designed  to  prevent 
undue  tipping  to  one  side  or  the  other.  As  the  pilot  stands  there  in 
his  basket  he  i-escmbles  a  performer  on  a  tight  rope  with  his  balancing 
pole.  Since  the  homl  of  the  concern  is  in  the  basket,  all  the  many 
wires  that  operate  one  thing  or  another  communicate  with  this  central 
administrative  bureitu  like  the  nerves  with  the  brain.  On  the  hxmt 
edge  of  the  basket  is  a  wheel,  really  the  pilot's  wheel,  hut  placed  hori- 
zontally as  on  an  automobile.     This  operates  the  rudder.     To  switch 
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tbe  propeller  nhnft  from  the  motor  itnd  stop  the  fan8  thei'e  in  an  electric 
key.  For  eat-h  of  the  valves  in  the  belly  of  the  balloon  there  is  a  wire 
end  at  the  basket,  hei^id&s  still  another  one  for  the  big  valve  in  the  top 
should  the  balloonist  wish  to  descend  rapidly,  and,  yet  again,  there  ia 
an  emergency  cord  which  tears  a  panel  out  of  the  silk  and  lets  the  gas 
fairly  pour  out.  It  was  this  cord  that  Santoa-Dumont  pulled  when  he 
chose  the  Rothschild  chestnut  tfoea  between  the  Seine  and  the  streets 
of  Boulogne.  As  to  Imllast,  he  has  small  bags  of  sand  under  his  feet 
and  a  canvas  bag  on  either  band,  about  100  pounds  in  all.  Thus,  it 
will  he  seen  that  he  has  -several  things  to  think  about  at  the  same  time. 
Though  seemingly  very  complicated,  this  air  ship  that  really  navigates 
the  air  is,  after  all,  a  simple  machine,  and  by  the  side  of  the  wonder- 
fully made  air  ships  that  yet  do  not  navigate  the  air  it  is  a  child's  toy 
for  simplicity.  It  is  one-fourth  as  large  as  the  Zeppelin  balloon.  In 
fact,  it  is  the  smallest  motor  aerostat  that  has  been  constructed  up  to 
date.     The  entire  car  complete  weighs  but  550  pounds. 

SOME   ACCOUNT  OP  THE   INVENTOR. 

To  arrive  at  this  result,  which  is  conceded  to  be  the  first  actual  steer- 
able  air  ship,  Santos- Dumont  has  tinkered  away  some  five  preceding 
tialloons.  He  came  to  Paris  expressly  to  make  his  career  in  the  air- 
He  Imde  farewell  to  the  plantation  of  his  father,  the  Brazilian  coffee 
king,  where  as  a  boy  he  had  speeded  locomotives,  real  compounds, 
over  the  premises.  He  atmndoned  these  toys  and  took  up  with  what 
the  French  love  to  call  the  most  French  of  Inventions,  flying  machines. 
He  allied  himself  with  those  rich  young  Parisians  who  seek  amusements 
more  chic  than  gilded  dissipation;  that  is,  the  more  intellectual,  though 
scarcely  more  rational,  pursuit  of  bizarre  methods  of  locomotion. 
Though  able  to  have  stabler,  and  yachts,  and  palace  cars,  they  prefer 
automobiles  and  Imlloons.  The  youthful  Alberto  liegan  by  climbing 
Mount  Klanc  to  see  what  high  altitudes  were  like.  Then,  in  1S98,  he 
ordered  himself  a  Iwilloon  and  caded  it  the  Bi'i'kU.  It  was  a  ludicroiisly 
small  affair,  of  not  more  than  145  cubic  yards.  He  would  return  from 
a  trip  with  the  ))alloon  in  his  gnp.  But  he  was  not  content.  The 
Brazil  was  spherical,  unsteemble — in  a  word,  old  fashioned.  He  put 
the  motor  of  his  automobile  into  the  1>asket,  and  was  thus  the  first  to 
apply  ga.Holino  to  aerial  navigation.  But  as  yet  the  results  were  not 
important.  That  same  fall  he  launched  the  Santim-Dunxmt  I,  the  first 
of  his  cigar-shaped  experiments.  But  the  weight  of  the  hasket  10 
yards  beneath  made  the  balloon  cave  downward,  and  air  ship  and  man 
tumbled  5(K)  yai-ds  to  earth  without  getting  hurt — a  mere  incident. 
Next  year  appealed  the  8e<'ond  Santm-Dmixnit,  of  the  -same  form,  but 
a  little  longer.  He  went  up  Ascension  Day,  l)ecame  dis.satisfied,  and 
began  work  on  his  No.  3.     This  one  was  2d  yards  long,  with  a  capacity 
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of  650  cubic  yards.     Tlic  motor  worked  well,  and  he  made  several 
encoun^ing  ascensions  nt^r  Eiffel  Tower, 

Last  year,  with  his  No.  -1,  he  had  tried  for  the  Deutsch  prize,  but 
was  awarded  only  the  anntial  interest  of  about  $760  on  the  principal 
amount  for  having  done  the  most  for  aerostation  during  the  year. 
He  promptly  returned  the  money  and  founded  a  new  prize  with  it,  to 
be  awarded  for  the  first  trip  around  fiiffel  Tower,  no  time  limit-  He 
had  the  foresight  to  bar  hiuLself  fram  this  competition.  The  Stintitg- 
Ihuin'iif  yChad  a  «»pa<uty  of  546  cubic  yards,  with  a  9 -horsepower, 
2-cylinder  motor  giving  11)0  revolutions  a  minute  to  the  screw.  The 
engine  and  a  bicycle  Haddle  were  perched  on  a  bar  suspended  under  the 
balloon.  He  started  the  engine  by  working  the  pedals  under  the  sad- 
dle, and  by  cords  he  controlled  the  electric  lighting  of  the  motor  and 
the  management  of  the  rudder,  l>allast,  and  e(|uilibrium.  He  made 
almost  daily  flights  with  this  balloon,  then  later  on  put  in  a  16-horse- 
power  engine.  This,  of  course,  made  a  larger  gas  bag  necessarj',  but 
he  simply  cut  iu  half  the  one  he  had  and  lengthened  it  to  36  yards,  as 
you  would  a  dining-i'ooui  table.  Soon  after  this  the  autumn  air  gave 
htm  pneumonia,  and  he  had  to  go  to  the  Riviera,  where  be  began  work 
on  No.  5,  his  latest  pet. 

THE  SGCRKT  OF  THE   SUCCESS   OF  THIS   I.ATEST  AIR   SHIP, 

Now  that  you  have  followed  the  inventor  through  the  whole  .story, 
you  are  beginning  Xa  demand  where,  after  all,  is  the  great  monumental 
and  mysterious  secrt-t  of  aerial  navigation  that  bas  Ijeen  discovered. 
You  have  uot  stumbled  upon  the  trace  of  one.  Tbei-e  has  not  been  a 
single  new  mct^haniml  principle  involved.  The  fact  is,  there  has  been 
no  secret  to  discover.  The  secret  of  aerial  navigation  was  already  dis- 
covered when  the  first  automol»ile  with  a  gasoline  motor  was  built. 
When  Santas-Dumont  roblied  his  automobile  of  its  motor  and  strapped 
it  into  the  car  of  his  balloon,  be  was  on  the  right  track.  But  he  cer- 
tainly had  achieved  nothing  that  he  <'oidd  patent.  The  secret  may 
also  have  been  discovci-ed  when  the  steam  engine  was  invented,  or 
again  when  electricity  waJ^  chained  down  to  man's  service,  only  up  to 
the  present  there  is  this  fact,  nauiely,  no  one  so  far  has  been  able  to 
make  a  steam  engine  or  an  electric  battery  run  an  airship.  That  may 
happen  later,  but  meantime  thega.soltne  motordocs  the  work  forSantos- 
Dumont.  And  now  tbe  question  is,  Why  docs  it,  rather  than  either 
steam  or  electricity?  The  entire  answer  lies  in  this  oue  word — 
"  weight." 

When  away  back  in  1783  the  crinoline  skirt  of  Madame  de  Mont- 
golfier,  drying  before  the  fireplace,  filled  with  hot  air  and  puffed  up 
to  the  ceiling,  this  same  word,  "weight,"  became  the  keynote  of  bat- 
tle and  the  problem  in  ballooning.  Joseph  Montgolfier  had  beheld 
the  antics  of  his  wife's  skirt,  and  tbe  word  that  involves  tbe  riddle 
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and  the  solatioii  spelled  it»elf  on  his  brain.  That  in,  he  reflected  that 
the  iiiQated  crinoline  had  hei-ome  lighter  than  air.  So  he  set  to  work 
and  astounded  the  world  with  the  lirst  balloon,  an  humble  paper 
globe  filled  with  hot  air  that  soared  upward  but  a  few  yards.  Thus 
having  once  got  into  the  air,  man  has  ever  since  been  trying  and  try- 
ing to  steer  himself  while  there.  But  any  motor  that  would  be 
powerful  enough  has  always  made  the  balloon  heavier  than  air.  For 
instance,  Henri  Giffard  in  1852  tried  steam  as  motive  power,  and  he 
wafi  the  first  to  adopt  the  cigar-shaped  b^,  hut  his  engine  would  not 
propel  the  balloon,  simply  because  it  had  to  l)e  too  light  for  the  power 
exat^ted  of  it.  Twenty-five  years  lat«r  Dupuy  de  Lome  went  back  to 
first  principles  and  tried  manpower,  but  the  man  was  even  less  ade- 
quate than  Gifi'ard's  feeble  engine.  In  18S3  another  Frenchman,  Tis- 
sandier,  experimented  with  electricity,  but  as  his  batteries  had  to  be 
light  enough  to  be  taken  up  in  the  balloon,  they  proved  effective  only 
in  helping  to  weigh  it  down  to  earth  again.  Kri'bs  and  Kenard,  mili- 
tary aeronaubi,  siicceeded  l>ett«r  with  electricity,  for  they  could  make 
a  small  circuit  with  their  airship,  provided  only  that  no  air  was 
stirring.  Enthusiasts  cried  out  that  the  problem  was  solved,  but  the 
two  aeronauts  themselves,  as  good  mathematicians,  figured  out  that 
they  would  have  to  have  a'motor  eight  timers  more  powerful  than  their 
own,  and  that  without  any  increase  in  weight,  which  was  an  impossi- 
bility at  that  time. 

Shortly  after  this,  though,  people  began  to  drive  round  iti  carri^^ 
without  horses,  and  their  motive  power  was  the  gasoline  engine.  Tis- 
sandier's  electro  motor  weighed  375  pounds  per  horsepower;  Santos- 
Dumont^s  petroleum  motor,  12  pounds  per  horse]X)wer.  In  both  cases 
fuel  and  all  aMiaisories  are  included.  Now.  just  exa<'tly  in  this  enor- 
mous difference  of  weight  lies  the  secret  of  aerial  navigation  as  solved 
the  other  day  by  the  young  Itmzilian. 

The  explanation  why  the  petroleum  motor  is  such  a  tremendous 
giant  for  its  size  is  very  simple.  The  greater  part  of  its  fuel  is  in  the 
air  itself,  and  the  air  is  all  around  the  Italloon,  all  ready  for  use.  The 
aeronaut  does  not  have  to  take  it  up  with  him.  If  he  did,  he  would 
be  crushed  to  earth  with  the  weight  of  his  reservoir.  But  that  pro- 
portion of  his  fuel  that  he  must  carry,  the  coal-oil  can,  is  compara- 
tively insignificant.  The  difference  between  carrying  this  traction 
and  carrying  all  the  fuel,  as  for  steam  or  electricity,  makes  the  differ- 
ence between  the  newer  kind  of  motor  and  the  two  old  kinds.  A  few 
figures  will  prove  startling.  Two  and  one-half  gallons  of  gasoline, 
weighing  15  pounds,  will  make  a  2^  horsepower  autocycle  cover  94 
mites  in  four  hours.  Santos-Dumont's  balloon  needs  less  than  5it  gal- 
lons for  a  three  hours^  trip.  It  weighs  but  37  pounds,  and  occupies 
the  slender  cigar-shaped  brass  reservoir  which  you  will  notice  near 
the  motor.     Now,  then,  an  electric  battery  of  the  same  power  would 
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weigh  2,695  pounds,  and  yet  would  last  only  twenty -five  minutes.  If 
we  consider  the  weight  and  volume  of  fuel  in  the  air  which  the  gaso- 
line motor  does  not  have  to  carry  up,  we  will  see,  on  accepting  chemis- 
try's word,  that  a  liter  of  gasoline  (3i  pints)  consumes  during  com- 
bustion 5.45  pounds  of  oxygen  in  the  air,  which  means  27i  pounds  of 
air.  Im^ine,  therefore,  a  balloon  carrying  a  r&servoir  of  air  for  its 
motor.  One  liter  of  gasoline  would  require  an  air  magazine  a  3'ard 
square  and  as  high  as  a  four-story  house.  For  Santos -Diimont's  oil 
can  this  m^;azine  would  have  to  \m  1,()00  feet  high,  or  about  big 
enough  to  hot<l  the  Statue  of  Liberty. 

As  to  what  this  lost  air  ship  really  means  for  aerostation,  French 
opinion  differs  to  the  overheating  point.  Again  "weight"  is  the 
Itattle  ciy  raised  in  the  two  opposing  camps  of  Italloonry.  One  camp 
maintains  that  the  balloon  lighter  than  air  is  the  beginning  and  end 
of  the  question,  and  consequently  they  hold  that  8antos-Dumont  has 
found  the  ultimate  solution,  l)ecause  he  can  steer  his  inflated  chariot. 
Their  opponents  give  the  Bi'azilian  big  credit  for  making  a  dirigible 
flying  machine  of  any  kind,  hut  they  cxintend  that  the  problem  rests 
unsolved  so  long  as  the  air  .ship  is  not  heavier  than  air.  The  discus- 
sion hajs  grown  quite  anient.  There  are  liable  to  be  some  duels  most 
any  time  if  cold  weather  does  not  set  in. 

The  lighter-than-air  ]>eople  argue  that  on  an  aeronef  or  aeroplane 
(heavier-than-air  machine)  the  operator  would  be  at  the  mercy  of  his 
motor.  If  the  motor  stopped,  the  air  ship  would  come  down  like  a 
clod,  having,  of  course,  no  gas  Img  to  hold  it  up.  The  heavier-than- 
air  contingent  admit  that  this  is  a  point  to  be  (»nsidered,  and  that, 
therefore,  the  motor  will  have  to  be  a  very  reliable  motor  indeed. 
And  then  they  proceed  to  point  out  that  the  aerostat  (lighter-than-air 
machine)  can  never  be  of  any  pi'actical  use  anyhow,  even  if  you  can 
steel'  it.  For  war  puiposes  it  offers  too  large  a  target  for  the  enemy. 
The  risk  of  a  moU>r  stopping  on  a  small  aeroplane  would  be  much 
healthier.  For  private  promenading  it  would  be  too  costly.  And  as 
for  general  transportation— not  to  Iks  considered  at  all.  The  Sanlm- 
Dtimont  I'requircs  55(t  cubic  meters  of  gas  for  one  little  man  of  130 
pound.s,  and  even  then  the  little  man  can  not  take  on  more  luggage 
than  his  life  and  his  nerve,  with  a  fair  chance  of  losing  l>ot.h  l>efore  he 
get's  Iwck.  Therefoi-e  a  balloon  with  the  pa^wenger  list  of  a  small 
trans-Atlantic  steamer  would  have  to  be  some  twenty  times  larger  than 
Itarnuni's  biggest  tent,  and  the  Imtloon  house  would  cover  a  fair-sized 
city.  Only  the  tmvelcr  with  a  million  to  spare  could  book  a  passage 
thereon,  and  all  the  other  millionaires  would  go  bankrupt  financiering 
such  an  enterprise.  The  gentlest  breeze  would  prove  a  tempest  for 
the  fabulously  stupendous  gas  luig,  and  the  pressure  under  ordinary 
conditions  would  make  a  metal  covering  absolutely  necessary.  On  the 
other  hand,  the  aeroplane — when  found — may  be  of  a  size  moi'e  in 
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proportion  to  the  mrriem  on  »ea  and  land,  and  by  ini^linatioiis  of  ita 
surface  it  need  not  fear  a  gale  much  more  than  docs  a  ship. 

In  conclusion  it  seeni8  that  the  SantDH-Dwuont  Vmay  be  eorrectly 
rated  as  the  lattt  evolution  from  Madame  de  Mont^ltier'N  crinoline 
skirt,  [t  is  the  culmination  of  balloons  lighter  than  air.  It  is  the 
first  to  make  a  trip  in  a  breeze  and  come  back  to  a  point  indiaited 
beforehand.  In  a  word,  it  is  steerable.  Of  course  there  remains 
room  for  improvement,  but  hardly  for  further  evolution.  In  aero- 
nautics all  evolution  from  now  on  must  begin  from  the  bird  and  end 
in  the  aeroplane.  And  perhaps  that  will  involve  a  new  principle  of 
meciianics.  The  genius  who  discovers  it  will  be  a  colossus,  beside 
whom  the  clever  and  daring  ei-aftsman  who  applied  an  automobile 
motor  to  an  inflated  spindle  will  be  but  the  merest  pigmy.  The  aero- 
plane, though,  has  not  left  the  ground  yet.  But  the  Santon-Ihtinont  V 
has.  The  neighbors  have  already  made  complaint.  They  protest 
against  the  early  morning  flights,  when  the  popping  of  the  motor  a 
few  yards  over  their  roofs  breaks  in  on  their  slumber.  There  you 
Jiave  a  foretaste  of  the  future. 


8ANT08-I>lIMONT   WINS  THR    DKUTSCH    PRIZE.' 

Now  that  the  efforts  of  Santos-Dumont  have  been  crowned  with  suc- 
cess, it  may  be  of  interest  to  retrace  the  steps  by  which  the  intrepid 
young  aeronaut  has  been  able  to  accomplish  his  present  great  triumph, 
which  is,  of  course,  only  the  first  step  in  the  work  which  he  expectsi  to 
carry  out.  Santos-Dumont  is  a  Brazilian  by  birth,  and  was  born  in 
1873.  His  father,  who  was  of  French  descent,  had  a  \'aat  coffee 
plantation  which  employed  as  many  as  6,0(K>  men  in  the  fields  and 
establishments.  It  was  upon  the  40  miles  of  railroad  which  passed 
around  the  plantation  that  Santos-Dumont  learned  to  conduct  the 
small  locomotives,  and  thus  obtained  his  first  knowledge  of  mechanics. 
He  came  to  Paris  while  still  quite  young,  and  had  already  turned  his 
attention  to  aeronautics.  He  at  once  coiiunenced  to  work,  and 
employed  his  lai^e  fortune  and  his  talent  in  this  direction.  The 
result  is  that  within  three  years  he  has  constructed  three  spherical 
balloons  and  six  air  ships.  He  began  by  making  the  record  for 
the  small&st  spherical  balloon,  the  "Brfisil,"  which  gauged  only  140 
cubic  yards  and  had  a  diameter  of  18  feet.  It  was  made  of  fine 
Japan  silk  with  cotton  cordage  and  an  extremely  light  wicker  basket, 
and  the  whole  weighed  but  60  pounds.  When  it  rose  fi-om  the 
Jardin  d'Acclimatation  on  the  4th  of  July,  189S,  it  seemed  like  an 
immense  air  bubble.  After  ascending  out  of  sight,  Santos-Dumont 
reappeared  with  the  envelope  packed  in  the  basket.     With  this  and 
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similar  balloons  he  made  a  number  of  interesting  asconuions,  l>ut 
Boon  began  the  study  of  dirigible  balloons.  His  "No.  1"  is  the 
first  of  the  seiies,  and  started  from  the  Jardin  d'Acclimatation  on 
the  18th  of  September,  1898.  It  waa  torn  at  the  start  on  account 
of  a  false  maneuver  by  tlie  aids,  but  was  soon  repaired,  and  on 
the  20th  he  made  a  number  of  evolutions.  But  the  small  interior 
air  balloon,  designed  to  keep  the  envelope  always  swelled  out, 
was  only  insufficiently  supplied  by  the  ventilator,  and  thus  the  bal- 
loon, which  was  cigar-shaped,  became  more  or  less  collapsed  and 
folded  upon  itself  under  the  tension  of  the  weight.  On  this  occasion 
(he  aeronaut  had  a  fall  of  1,200  feet  at  the  rate  of  1'2  or  15  feet  a 
second,  which,  as  M.  Emmanuel  Aim4  says,  is  a  record  in  itself.  He 
came  down  on  the  Bagatelle  training  ground,  however,  vitboat 
dam^^. 

The  SanUis-Dumont  No.  2  was  launched  on  the  11th  of  May,  1899, 
but  during  a  rainstorm  the  balloon  folded  upon  itself  and  could  not  be 
further  maneuvered.  An  instructive  test  of  the  motor  (gasolitie  type) 
and  the  helice  wa»,  however,  made  on  this  occaiiion.  With  this  expe- 
rience to  guide  him,  be  next  built  the  "  No.  3."  It  gauged  (i20  cubic 
yards,  and  was  the  first  of  the  series  to  pass  around  the  Eiffel  Tower, 
starting  from  the  Aerostatic  Park  of  Vaugirard  on  the  13th  of  Novem- 
ber. The  "No.  4"  is  an  improvement  of  this  type,  and  gauged  525 
cubic  yai-ds.  It  was  finished  on  the  Ist  of  August,  19')0.  He  went 
through  a  numljcr  of  evolutions  with  this  air  ship,  notably  on  the 
occasion  of  the  Aeronautic  Congress,  on  the  19th  of  September,  at 
the  Aerostatic  Park  of  the  Aero  Club.  At  the  beginning  of  this  year 
he  finished  the  Saitttift-Duinimt  No.  5,  whit^h  made  .inch  a  brilliant 
performance.  It  will  be  remembered  that  he  started  fiom  the  Aero- 
static Park,  crossed  the  Seine  to  the  Ijonchamps  mce  track,  and  then 
took  the  air  ship  ten  times  aroimd  the  tra<;k.  Ho  then  came  to  the 
Trocadero,  and  after  an  accident  to  the  rudder  he  started  again,  went 
amund  the  Eiffel  Tower,  came  liack  to  Ix>ngchamps,  and  thence 
recrossed  the  Seine  to  the  Aerostatic  Park. 

It  was  the  Henri  Oeutsch  prize  that  made  the  tower  the  goal  of  the 
aeronauts,  as  the  conditions  of  the  prize  of  )i20,0(IO  weiT  that  the  start 
should  )>e  made  from  the  park  or  vicinity,  the  aeronaut  to  pass  around 
the  tower  and  return  to  the  starting  |H>int  within  half  an  hour. 
Accordingly,  Santos-Dumont,  the  day  after  the  a!)ove  experiments, 
started  from  the  park  and  passed  the  tower,  coming  buck  in  forty 
minutes.  But  owing  to  a  strong  wind  and  an  accident  to  the  motor 
he  could  not  land  in  the  park,  but  came  down  in  the  trees  of  M.  do 
Rothschild^s  garden.  It  was  after  this  that  he  had  his  famous  acin- 
dent,  where,  after  passing  around  the  tower  (Sth  of  August)  the  motor 
stopped  and  the  balloon  was  broken  almost  to  pieces  against  the  roofs 
of  the  Trocadero  Hotel.     Only  twenty-two  days  after  this  catastrophe 
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the  aeronaut,  whcMe  courage  ia  proverbial,  finished  his  '*Ko.  6,"  with 
which  he  at  last  suu^eeded  (October  W)  in  pasrting  around  the  Eiffel 
Tower  and  returning  within  the  half  hour,  or  twenty-nine  minutes  and 
thirty  aet^onds.  Some  time  Iwfore  thb,  however,  the  committee  of 
the  Aero  Club  had  modified  the  original  rules  so  that  the  air  ship  was 
not  only  to  come  over  tho  park,  Imt  its  guide  rope  should  be  grasped 
by  an  attendant,  this  constituting  a  landing.*  Santos- Dumont  was  not 
able  to  comply  with  this  rule,  as  before  the  rope  could  be  grasped  he 
was  obliged  to  remount  to  avoid  being  carried  by  the  wind  against  the 
balloon  shed,  and  he  came  down  forty  set^ofids  after  the  allotted  time. 
The  committee  decided  on  November  i  aw  to  this  much  disputed 
question,  and  Santos- Dumont  was  accorded  the  prize. 


M.   BASTOS- DUMONT  WINS  THE  DEUT8CH  PRIZE.  ' 

The  committee  in  charge  of  the  distribution  of  the  Deutsch  prize 
decided  on  November  4  that  M.  Santos-Dumont  was  entitled  to  it  by 
bis  achievement  of  October  19.     At  eighteen  minutes  to  3  o'clock  he 


made  the  start,  and  in  nine  minutes  the  Santm- Diimwit  No.  6  had 
reachfwi  the  Eiffel  Tower  on  the  north  side,  made  a  complete  turn 
around  it  and  made  for  the  starting  point.  Our  diagram  gives  an  idea 
of  the  course  which  waft  followed.  At  3:12:40  the  guide  rope  was 
seized,  and,  according  to  the  rule'*  which  were  recently  formulated  by 
the  committi*,  M.  Santoa-Dumont  bad  lost  by  forty  seconds.  He 
claimed,  however,  that  he  had  Iregun  his  experiments  under  conditions 
in  which  the  guide  rope  did  not  figure,  and  he  at  once  protested  against 
the  decision  of  the  judges.  The  matter  was  left  to  a  committee,  which 
decided  in  favor  of  M.  Santos-Dumont  on  November  5. 

He  donated  50,000  francs,  or  one-half  of  the  sum,  to  the  poor  of 
Paris.  He  then  gave  30,000  francs  to  his  assistant,  M,  Aime,  and  the 
remaining  20,000  francs  to  the  aeronaut's  other- colalwrers. 

While  M.  Santos-Dumont  has  performed  a  notable  feat,  it  doeM  not 
nci«?ssarily  follow  that  be  has  acomplished  anything  of  very  great 
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value.  He  has  dcmonstrntcd  the  fact  that  with  a  very  ccwtly  and  deli- 
cate apparatus  a  skillful  aeranaut  may,  under  favorable  conditions  of 
wind  and  weather,  rise  from  a  given  point,  make  a  circle  and  return 
to  the  spot  from  which  ho  started  without  being  killed,  if  be  has  good 
luck.  The  event,  pleasant  as  it  is,  does  not,  however,  mark  a  step  in 
the  direction  of  the  practical  realization  of  aerial  navigation.  It  is 
probable  that  the  solution  of  the  problem  of  aerial  flight  will  never  Itc 
reached  in  a  way  which  will  have  any  coiumcrcial  value  until  the  dirigi- 
ble balloon  idea  is  abandoned  and  that  of  amcchauism  built  on  a  strictly 
mechanical  bottis  substituted. 
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I,— THE   AUTOMOBILE," 

By  Henri  Fournieh. 

Undoubtedly  the  automobile  has  come  to  stay  aud  to  do,  oh  the 
years  go  on,  more  and  more  of  the  world's  work. 

The  fact  that  I  went  a  mile  in  Slf  necondM  on  the  Coney  Island 
boulevard  the  other  day  shows  the  swiftness  we  have  already  attained 
with  these  uiachines,  and  it  must  be  remembered  that  they  are  as  yet 
only  in  their  infancy.  Six  years  ago  we  were  making  very  bad  auto- 
mohiles  in  France  and  Germany — almost  as  bad  as  those  the  American 
makers  are  now  turning  out.  Now  Finance  and  Germany  make  fine 
autos,  and  I  have  come  to  this  country  to  make  fine  autos  here. 

We  French  are  manufacturing  better  automobiles  than  the  Ameri- 
cans because  we  began  first  and  because  our  conditions  are  more 
favorable  for  development.  Coney  Island  boulevard  is  as  good  as  any 
road  in  France,  but  in  Fi-ance  they  have  thousands  of  miles  like  it, 
while  here  there  are  very  few. 

Of  course,  our  good  roads  helped  the  automobile,  as  also  did  our 
comparativelj'  bad  railroads.  Here,  on  the  other  band,  there  are  good 
railroads  stretehing  everywhere  through  a  brand  new  country,  where 
the  wagon  ways  are  still  rough. 

The  conditions  for  automobile  development  are  therefore  not  so 
favorable  here  as  in  Fran<'e,     But  they  are  improving  very  rapidly. 

Not  so  with  Auicri<^iin-made  automoltilcs.  I  do  not  see  any 
improvement  in  them  since  I  was  here  three  years  ago.  The  machine 
in  which  I  made  the  mile  record  of  51|  .seconds  was  of  French  make, 
OH  also  was  that  in  which  Mr.  Foxhall  Keene  did  a  mile  in  .74}  seconds. 

The  makers  hen*  started  wnnig.  Instead  of  taking  the  best  French 
and  (iemian  models  and  trying  to  improve  on  them,  they  set  out  to 
produce  something  original,  and  thus  went  over  all  the  ground  previ- 
ously traversed  by  European  manufacturers,  and  fell  into  the  errors 
out  of  which  the  latter  had  laboriously  struggled.  It  is  a  shame,  for 
their  trouble  and  exi>ense  were  quite  unnece.ssary.     They  should  have 
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taken  advantage  uf  the  experiments  and  experiences  of  those  who  had 
preceded  them. 

The  frreatest  <'hange  which  I  believe  will  be  raude  in  your  cities  by 
the  ptirfwt  automobile  will  tie  in  the  wagon  stervice.  The  old  horse 
and  wagon  and  hor.se  and  cart  will  have  to  go;  the  automobile  is  so 
much  better,  quicker,  surer,  cheaper.  This  will  make  a  great  differ- 
ence, as  it  will  just  about  abolish  all  stables  throughout  the  city,  and 
by  clearing  horses  off  the  streets  will  at  once  render  them  much 
cleaner.  It  will  aUo  make  imperative  the  extension  of  smooth  paving 
like  the  artphalt,  which  in  i-ertain  weather  is  unfavorable  for  horses, 
but  always  good  for  the  automobiles. 

In  addition  to  this  the  new  machines  will  greatly  increase  the  wagon 
capacity  of  city  streets,  Ix'cause  they  are  so  much  shorter  than  a  horse 
and  wagon,  and  travel  so  much  more  swiftly.  With  the  horse  ban- 
ii<hed  and  complete  auto  service  throughout  the  city  the  capacity  of 
the  streets  would  be  at  leant  quadrupled,  which  would  do  away  with 
the  blockades  that  now  are  so  frequent  on  some  of  the  narrow  wat«r 
front  streets. 

Then,  of  course,  for  conveyance  to  and  from  businessand  for  coach- 
ing and  pleasure  riding  the  automobile  is  far  -superior  to  the  old  car- 
riage, coach,  or  cab.  It  is  not  necessary  that  anyone  should  travel  at 
the  rate  of  70  miles  an  hour.  He  need  not  race  unless  he  so  desires 
and  the  time  and  place  are  proper  for  iTicing.  Twenty  miles  an  hour 
is  a  good  pace,  although  -.  af er  with  the  automobile  than  going  8  miles 
an  hour  behind  a  horse.  And  it  is  delightful  to  travel  in  an  automo- 
bile going  ^0  miles  an  hour.  The  sensation  is  most  exhilarating— like 
that  of  flying,  as  I  imagine— and  there  are  no  ill  effects. 

Twenty  miles  an  hour  behind  an  automobile  is  safer  than  8  miles 
behind  a  horse,  because  the  auto  is  .so  very  much  -shorter,  so  powerful, 
and  so  easily  controlled.  I  can  teach  anyone  to  manage  an  automobile 
in  half  an  hour,  and  though  it  is  going  at  high  speed,  one  can  stop  the 
machine  on  its  own  length.  Anybody  can  manage  it,  and  it  turns, 
twists,  and  dodge-s  al>out  so  easily  that  a<M;idents  are  avoided  which 
would  be  disastrous  if  you  were  sitting  behind  a  horse.  During  all 
the  time  that  I  have  l>een  driving  these  machines  1  have  only  had  one 
accident.  That  was  the  collision  with  the  train  of  the  Long  Island 
liailroad  Company  which  occurred  several  weeks  ago.  I  have  never 
yet  been  hurt,  though  constantly  racing,  which,  I  think,  goes  to  show 
that  there  is  comparatively  little  hazard  about  running  an  auto. 

For  conveyance  of  people  on  short  journeys  or  pleasure  jaunts  the 
automobile  in  this  country  has  a  great  mission  to  fulfill,  and  this  will 
be  constantly  extended  as  the  good  roads  which  the  machines  demand 
are  given. 

Some  people  anticipate  that  the  automobile  will  drive  out  the  elec- 
tric car  and  so  rid  our  streets  of  the  tracks  and  the  overhead  wires. 


Henri  Fournier. 


Henri  Fournier  and  his  racins  Automobile. 
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I,  however,  am  not  aiuoiig  those  who  believe  that  that  will  be  done— at 
least  not  soon. 

An  automobile  service  carrying  piuHenji^ra  throughout  the  city  for 
5  cents  would  have  many  advantages.  The  vehicles,  not  being  limited 
to  trai^ks,  could  not  be  blocked  as  they  now  are,  and  an  accident  to  one 
of  the  5,000  or  6,000  which  would  be  necessary  to  the  service  would 
have  no  effect  upon  the  others. 

However,  the  automobile  surface  car  to  take  the  place  of  the  trolley 
is  still  so  far  in  the  future  that  it  can  safely  be  left  for  future 
disi^ussion. 

In  war  the  auto  would  not  cut  much  of  a  figure  so  far  as  this  coun- 
try is  concerned,  though  it  might  be  of  considerable  service  in  Europe, 
where  they  have  such  perfect  roads.  America's  lack  of  military  high- 
ways would  platre  the  machine  at  great  disadvantage  as  compared  with 
a  horse. 

There  has  l>een  some  suggestion  of  field  guns  carried  about  by  auto- 
mobiles, but  I  feci  sure  that  they  would  not  do  at  all.  Field  guns  have 
to  go  through  very  rough  pUces,  plowed  fields,  for  instance,  and  they 
need  a  pull  from  the  front,  such  as  the  horse  gives,  in  order  to  get 
them  along. 

The  power  of  the  automobile  is  applied  directly  to  the  wheels  and 
does  not  pull  the  machine  at  all.  Thus,  in  a  plowed  field  the  wheels 
would  revolve  quickly  enough,  but  they  would  only  make  a  hole  in  the 
ground,  while  the  machine  stood  still. 

This  same  reason  would  also  prevent  the  auto  from  doing  much  for 
the  farmer. 

On  the  other  hand,  in  countries  like  Fi-ance  and  Germany,  where 
there  are  many  good  roads,  I  believe  that  the  automobile  could  be  of 
the  greatest  servit«  for  moving  ammunition  and  provisions,  as  well  ae 
for  carrying  stiouts,  dispatch  heavers,  or  generals,  or  even  the  convey- 
ance of  troops. 

II.— NEW    AUTOMOBILE   SPEED  RECORDS." 

Twenty-five  thousand  persons  lined  Ocean  Parkway,  Brooklyn,  for 
a  distance  of  'ii  miles  on  Saturday,  November  Iti,  IttOl,  and  saw  the 
most  sensational  automobile  1-mile  speed  tests  ever  made  on  either 
side  of  the  Atlantic.  A  mile  a  minute  on  the  highway  is  no  longer  an 
automobile  dream;  for  no  less  than  three  of  the  contestants  finished 
within  that  time.  Fournier,  the  winner  of  the  Paris- Berlin  race,  twice 
broke  the  world's  record,  and  was  closely  followed  by  Foxhall  P. 
Keene,  A.  C  Bostwiok,  and  A.  L.  Riker.  The  course  was  a  specially 
prepared  dirt  strip  of  the  old  Coney  Island  Boulevard,  having  a  slight 
down  grade.  The  conte-stants  went  over  the  course  singly,  their  time 
being  taken  at  the  start  and  at  the  finish  by  members  of  the  Second 
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Signal  Corps,  U.  S.  A.  Over  a  mile  was  allowed  to  the  chauffeurs  to 
get  UDder  way,  and  about  a  quarter  of  a  mile  to  n]ow  up  aft«r  passing 
the  finish  line.  The  race  waa  a  contest  by  some  of  the  best  chauffears 
in  the  world  for  the  1-mile  record. 

At  his  first  attempt  Fournier,  in  his  40-hor8epower  Mora  racer, 
sped  over  the  mile  in  the  remarkable  time  of  fifty-two  seconds.  Kot 
content  with  this  pcrfonnaoce,  he  returned  to  the  start  for  another 
trial,  and  succeeded  in  reducing  the  record  made  but  a  few  minutes 
before  by  one-fifth  of  a  second.  Foxhall  P.  Keene,  in  a  Mors  carriage 
exactly  similar  to  that  of  Fournier,  covered  the  mile  in  tifty-four 
seconds.  American-built  vehicles  were  not  much  behindhand.  A.  C. 
Bostwicls,  in  a40-horsepower  Winton  gasoline  carriage,  made  the  mile 
in  fifty-six  and  two-fifths  seconds  at  the  first  trial,  and  in  one  minute 
three-fifth.s  seconds  at  the  second  trial. 

Good  aa  the  road  undoubtedly  was,  it  was  not  altogether  free  from 
slight,  almost  uanoticcable  depressions  and  projections.  At  a  speed 
of  20  miles  or  even  30  miles  an  hour  an  automobile  will  ride  over  a 
slight  elevittion  with  no  appreciable  effect.  But  at  the  enormous 
velocity  of  nearly  70  miles  an  hour  the  carriages  could  not  yield  to 
the  slight,  scarcely  perceptible  hollows,  and  at  times  every  wheel 
would  be  clear  of  the  road.  And  yet,  despite  this  peculiar  effect,  they 
kept  their  course  with  remarkable  precision  and  with  no  evident 
oscillation. 

The  vehicles  driven  by  Fournier  and  Keene  were  both  40-horsepower 
French  gasoline  carriages  made  by  Mors.  That  a  gasoline  carriage 
would  make  the  best  record  was  inevitable.  But  no  one  foresaw  that 
an  electric  car  would  also  lower  the  previous  world's  record  of  one 
minute  six  and  two-fifth  seconds  made  by  Winton,  The  carriage  in 
question  was  designed  and  driven  by  Mr.  A.  L,  Riker,  and  was  a  dis- 
tinctly American  type  of  machine.  It  was  a  racing  machine  pure  and 
simple,  an  electromobile  reduced  to  its  lowest  tenuH,  a  wheeled  frame 
and  a  battery,  with  scats  for  two  men  arranged  in  tandeui.  C!urrent  is 
derived  from  60  cells  of  the  Icad-zinc  type,  giving  a  maximum  voltage 
of  130  and  a  discharge  of  100  amperes.  The  battery  weighs  900 
pounds,  and  the  entire  carriage  1,850  pound'^.  With  a  .start  of  only 
one-quarter  of  a  mile  Mr.  Riker  covered  the  mile  in  one  minute  and 
three  sewnds,  the  armatures  of  his  motors  making  about  3,300  revo- 
lutions per  minute.  The  exact  power  of  the  vehicle  htm  not  been 
determined,  but  Mr.  Riker  infoiius  us  that  the  horsepower  is  between 
15  and  20.  When  it  is  considered  that  the  French  carriages  of  Four- 
nier and  Keene  were  equipped  with  motors  rated  at  40  horsepower, 
Mr.  Riker's  performance  is  all  the  more  remarkable.  At  the  same 
time,  it  is  but  just  to  the  other  vehicles  to  state  that  while  they  were 
all  capable  of  long-distance  touring,  the  electric  machine  was  capalde 
of  maintaining  its  maximum  effort  apparently  for  only  n  single  dash 
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over  the  mile  course.  It  was  towed  to  the  course,  towed  bai'k  to  the 
starting  point  aft«r  the  trial,  and  cliarged  its  batteries  immediately 
before  its  trial  run  from  an  adjoining  electric  car.  By  a  special  rheo- 
stat, with  which  he  has  titled  his  racing  machine,  Mr.  Riker  is  enabled 
to  divert  part  of  the  current  from  the  field  coils  to  the  armature,  after 
speeding  up,  so  that  the  rotary  speed  of  the  armature  shaft  is  consid- 
erably increased.  Since  the  racing  machines  of  Fournier  and  Keene 
have  already  lieen  illa'^trated  in  these  columns,  we  have  pictured  only 
the  carriage  utied  by  Mr.  Riker. 

The  arrangements  for  timing  the  contestant*  weem  to  have  been 
somewhat  unusual.  The  timers  at  the  liTlish  were  informed  by  the 
click  of  a  telegraph  instrument  that  a  machine  had  started.  An 
instant  later  an  "O.  K."  signal  was  given  to  confirm  the  start.  The 
timers  consequently  started  their  wat*;hes  with  the  tirst  click  and 
caught  the  machines  as  they  whirled  past  the  finish  line.  If  no 
"O.  K."  signal  was  given,  the  watches  were  turned  back  for  the  next 
signal.  As  a  result  of  this  arrangement  some  machines  ran  over 
the  course  without  l>eiug  timed,  no  additional  signal  having  been 
given.  Foxhall  1'.  Keene  was  one  of  those  who  suffered.  His  fiiJ^t 
trial  was  credited  with  a  speed  of  one  minute  and  twenty -one  and  two- 
fifths  see<inds,  which  was  ctcaily  an  error,  S.  T.  Davis,  who  nmde 
the  mile  in  one  minuto  and  fifteen  seconds  in  a  Mtcam  carriage,  and 
thus  broke  the  previous  steum  carriage  record  of  one  minute  and 
thirty-nine  seconds,  was  also  mistimed  io  one  of  his  attempts. 

These  are  the  most  remarkable  contests  ever  run  on  a  public  high- 
way. They  have  shown  that  only  a  specially  built  locomotive  engine 
running  on  .steel  rails  can  beat  a  modern  racing  automobile. 

The  classic  race  Ijetween  Paris  and  Bordeaux  is  practically  ii  history 
of  progress  in  the  autoinobile  industry,  since  it  is  in  this  great  event 
that  we  are  able  to  sec  the  new  developments  in  motors  and  carriages, 
and  the  rivalry  of  new  firms  who  take  advantage  of  this  exceptional 
opportunity  to  prove  wliat  their  vehicles  are  capable  of  doing.  Noth- 
ing is  more  eloquent  of  the  marvelous  advance  of  the  industry  than  a 
comparison  between  the  race  of  181*5,  when  Levassor  astonished  the 
world  by  driving  a  4-horsepower  car  between  Paris  and  the  capital  of 
the  (Jironde  in  a  little  more  than  twenty-two  houi-s,  and  the  I'ace  on 
Wednesday  of  last  week,  when  a  20-horsepower  Mors  retluccd  this 
time  to  six  hours,  and  covered  the  327^  miles  at  the  average  speed  of 
53.3  miles  an  hour.  Six  years  ago  the  racing  car  was  fitted  with  a 
motor  of  6  horsepower,  hut  last  week  there  were  several  vehicles  of 
28  nominal  horsepower,  while  in  one  or  two  cases  they  were  said  to 
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have  60  or  70  horsepower.  We  aaj-  that  these  powers  are  nominal, 
because  they  mei'ely  represent  a  type  of  carriage,  and  arn  by  no  means 
the  actual  power  developed.  Makeru  are  rarely  disposed  to  take  the 
public  into  their  confidence  over  the  detaiU  of  these  special  racing 
machines.  The  indicated  power  of  the  vehicles  is  kept  a  secret,  but  it 
may  aafely  be  said  that  a  car  entered  as  24  horsepower  is  capable  of 
giving  considerably  more.  Even  accepting  the  figures  stated,  the 
increasing  of  the  motive  power  fourfold  in  five  years  is  a  remarkable 
achievement,  the  more  so  as  the  weight  of  the  cars  has  not  even  been 
doubled  in  the  same  period.  Whether  this  rate  of  progress  can  be 
continued  much  further  is  a  question  that  can  only  be  solved  by  the 
forthcoming  races.  The  competitions  have  already  shown  makers 
how  to  get  the  best  out  of  their  motonj,  and  it  in  at  a  moment  when 
they  are  anxious  to  settle  an  interesting  problem  in  weight  and  speed 
that  an  attempt  has  been  made  in  some  quarters  to  suppress  racing 
alt<^ether.  The  success  of  the  Paris-Bordeaux  event  has  evidently 
brought  these  people  round  to  see  the  error  of  their  ways,  tor  the 
newspapers  which  have  been  the  most  uncompromising  in  their  anti- 
racing  crusade  are  actually  admitting  that  if  proper  precautions  are 
taken,  a  race,  after  all,  may  be  both  int<^resting  and  instructive. 


To  a  certain  extent  it  may  be  said  that  the  open  race  was  merely 
intended  to  be  a  pendant  to  the  Gordon-Bennett  cup  competition,  but 
as  it  turned  out  the  cup  had  to  pale  its  ineffectual  fires  before  the 
open  race.  If  the  cup  competition  had  been  run  off  separately,  as 
was  the  case  last  year,  it  would  have  been  an  utter  fiasco.  At  first  it 
seemed  as  if  this  international  tnangular  match  were  going  to  be  one 
of  the  biggest  events  of  the  year.  Both  England  and  Germanj'  had 
entered  vehicles,  and  after  the  brilliant  performances  of  the  Meix-edes 
cars  at  Nice  there  was  every  promise  of  the  competition  with  the  new 
French  fliers  proving  of  absorbing  interest.  But  unfortunately  the 
owners  of  the  Mercedes  vehicles  withdrew  on  the  ground  that  the 
Automobile  Club  of  Germany  made  their  selection  too  late  to  enable 
the  ears  to  be  ready  in  time,  and  neither  Bcnz  nor  Canello-Dflrkopp 
would  take  their  place.  At  the  last  moment  Tischbein  entered  a  vehi- 
cle, which,  however,  could  not  be  got  off  in  time  for  the  race;  and  then 
Mr.  W.  K.  Thorn,  president  of  the  Automobile  Club  Bearnais,  offered 
to  place  his  Mercedes  at  the  disposal  of  Tischbein  if  the  French  car- 
riage body  could  be  replaced  l»y  one  of  German  manufacture.  They 
went  all  over  Paris  in  search  of  this  hody,  but  no  carriage  builder 
had  one  on  hand.  Then  among  the  English  Napier^,  the  Hon. 
C.  S.  Rolls  and  Count  Zbrowski  declared  forfeit,  and  the  only  one 
to  turn  up  was  Mr.  S.  F.  Eklge,  The  English  representaiivp  drove 
his  car  f  i-om  Bologne  to  Paris,  and  had  so  nmch  trouble  with  his  Eng- 
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lisb  tires  that  he  saw  it  was  useless  trying  to  go  to  Bordeaux  unless  he 
could  get  fresh  ones.  As  this  was  not  possible  in  the  time,  he  replaced 
them  with  French  tires,  which,  of  course,  disqualified  him  for  the  cup 
competition,  and  he  decided  upon  starting  in  the  open  race.  As  the 
Napier  arrived  at  the  premises  of  the  Automobile  Club,  where  it  had 
to  undergo  the  process  of  marking,  it  attracted  a  vast  amount  of  atten- 
tion, and  there  is  no  doubt  that  it  created  a  strong  impression  among 
the  Frenchmen  by  its  powerful  lines.  It  looked  heavier  and  bigger 
than  the  French  vehicles,  partly  due  to  the  fact  that  it  has  not  such  a 
low  center  of  gravity  as  the  new  cars.  If,  as  was  stated,  the  Napier 
developed  70  or  75  horsepower,  it  was  by  far  the  most  powerful  of 
the  competing  vehicles,  for  though  the  new  Mors  was  at  first  said  to 
be  fitted  with  engines  of  this  force,  it  was  entered  as  28  horsepower, 
and  it  may  therefore  besupposed  to  give  something  like  35  horsepower. 
All  the  foreign  competitors  having  scratched,  the  cup  race  became  a 
run  over  for  the  French  vehicles,  but  even  then  things  did  not  go 
smoothly,  as  there  waa  trouble  between  Charron  and  Girardot  and  the 
makers  whose  vehicles  they  were  to  drive.  Fortunately,  matters  were 
satisfactorily  arranged,  and  Charron  and  Girardot,  on  their  new  iJ4 
hoi'sepower  Fanhards,  and  Levegb,  on  his  28-horsepower  Mors,  turned 
up  at  the  start. 

THE   FfcrK   DB   NUIT. 

The  vehicles  were  to  be  sent  off  at  3.30  in  the  morning,  and  to  pass 
away  the  still  small  hours  a  f^te  was  organized  at  the  Chalets  du  Cycle 
in  the  Bois  de  Boulogne,  where  all  the  automobilists  who  had  not  gone 
down  to  Bordeaux  were  present.  And  then  there  was  a  nocturnal  pro- 
cession up  the  Suresnes  hill  to  St.  Cloud.  The  sight  was  an  extremely 
picturesque  one,  as  hundreds  of  cyclists  with  their  colored  lanterns 
kept  prudently  to  the  side  of  the  road,  while  the  big  cars  flnshed  their 
headlights  up  the  hill.  On  arriving  at  the  starting  place  beyond  St. 
Cloud,  we  found  the  road  to  Versailles  in  possession  of  the  gendarmes, 
and  a  squadron  of  cavalry  guarded  the  approaches,  though  why  they 
were  there  is  a  mystery  that  is  yet  unsolved.  The  auto  cars  lined  up 
on  each  side  of  the  road  according  to  their  numbers,  and  photographers 
flashed  magnesium  light  to  get  views  of  the  competing  vehicles.  Still 
another  light  leaped  out  of  the  darkness  through  one  of  the  spectators 
coming  to  the  assistance  of  Fournier  with  a  match  while  he  was  filling 
up  the  petrol  tank.  The  spirit  caught  fire,  and  it  was  only  by  Four- 
nier's  presence  of  mind  that  the  flame  was  prevented  from  reaching 
the  tank.  The  gendarmes  were  busy  seeing  if  the  papers  of  the  com- 
petitoi-s  were  in  order.  The  officials  had  a  lively  time  of  it  during  this 
operation.  Some  of  the  chauffeurs,  including  Levegh  and  GillesHour- 
gieres,  had  not  brought  their  certificates,  and  the  police  insisted  that 
they  should  not  start,  but  iw  the  result  of  an  interview  with  the  prefect 
the  objection  was  overruled,  though  two  competitors  had  toturndiscon- 
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solately  homeward.  A  lot  of  time  was  wasted  over  these  formalities, 
and  it  was  not  until  4  oV'lock  that  the  start  wa»  given  to  the  cup  vehicles. 
Cbarron  via/i  mot  off  fir»t  amid  cheers,  but  he  had  not  gone  many  yards 
up  the  lirst  hill  when  he  stopped  and  hurriedly  an-anged  something, 
and  then  resumed  his  journey.  Two  minuter  afterwards  the  word  was 
given  to  the  favorite,  Levegh,  who  simply  flew  up  the  bill  with  his 
powerful  Mors  car,  and  after  a  similar  interval  Girardot  was  sent  off 
and  made  an  equally  favorable  impression  by  the  way  in  which  he 
tackled  the  gradient.  The  departure  of  the  cup  triumvirate  was  fol- 
lowed by  an  interval  of  eleven  minutes.  At  4.15  S.  F.  Edge,  the  first 
competitor  in  the  open  i"ace,  received  the  word,  and  the  Napier  car 
jumped  forward  and  clim)>ed  the  hill  at  a  speed  which  considerabl}' 
opened  the  eyes  of  the  public.  The  others  were  sent  off  evcrj'  two 
minutes.  Giraud  on  his  light  Panhard  carriage,  Voight  on  a  24-hor8e- 
power  Panhard,  Andr^  Axt  on  a  SO-horsepower  Panhard,  Gilles  Honr- 
giSres  on  one  of  the"new  28-horsepowpr  Mors,  Fournier  on  a  UO-horse- 
power  Mors,  De  Caters  also  on  a  Mors,  were  stai'tcd  in  that  order,  and 
then  followed  the  other  big  cars,  light  carriages,  voiturettes,  and  motor 
cycles  in  the  oider  of  entry,  the  total  number  sent  off  being  *i^i. 


As  at  all  the  towns  along  the  route,  Versailles  was  neutralized;  that 
is  to  say,  the  vehicles  were  not  allowed  to  exceed  the  legal  limit  of 
speed,  and  they  were  given  a  quarter  of  an  hour  to  pass  through  the 
town,  this,  of  course,  ix'ing  deducted  from  the  total  time.  Levegh 
had  already  passed  Charron,  who  began  to  have  trouble  with  his  valves, 
and  just  outside  Versailles  he  stopped  about  twenty  minutes  to  adjust 
them.  On  leaving  the  town,  the  competitoi's  were  started  at  the  liot- 
tom  of  a  very  steep  hill,  which  was  naturally  not  to  the  liking  of  the 
motor  cyclists  with  their  8-horsc  power  motors,  as  a  sharp  turning  just 
here  did  not  allow  of  their  tackling  the  hill  by  getting  up  speed  on  the 
level.  Baron  dc  Turckhcim  on  his  De  Dietrich  got  stuck  on  the  hill, 
and  one  of  the  competitors  in  a  light  cjii-riage  began  to  experience  the 
glorious  uncertainty  of  pneumatic  tires,  while  the  motor  cyclist 
Osmont  met  with  a  painful  accident  through  a  stone  flying  up  and 
smashing  his  glasses,  when  a  piece  of  glass  entered  his  eye.  This  was 
removed  and  the  eye  bandaged,  and  he  continued  his  journey.  At 
Limours,  Jjcvegb  was  still  leading  two  minutes  ahead  of  Girardot,  hut 
Edge  had  been  passed  l>y  Voigt  and  Giraud,  and  then  followed 
Hourgieres,  Charron,  and  Fournier.  The  last-named  improved  his 
position  up  to  Chartres,  and  got  in  front  of  Edge;  while  Charron  was 
constantly  stopping  on  account  of  his  valves,  and  he  again  lost  a  lot  of 
time  on  leaving  the  town.  One  of  the  light  Hanzer  carriages  came  to 
grief  through  the  Imrt-ting  of  a  tire,  which  caused  the  vehicle  to  turn 
right  I'ound  and  smash  the  two  off  side  wheels,  and  the  two  occupants 
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were  thrown  out,  but  muetained  no  injury.  Thi^ry  also  had  trouble 
with  the  valves  of  his  Decauville  motor.  Alt<^ether  55  vehiules  passed 
through  Chartrex  in  the  official  time.  Od  nearing  Chatcaurenault  the 
little  De  Boisse  three-wheeled  vehicle  ran  into  the  gate  of  a  level 
crossing  which  was  closed,  and  was  so  far  damaged  as  to  compel  the 
driver  to  give  up  the  race,  Levegh  and  Girardot  were  fighting  out  a 
grand  battle,  and  the  Panhard  i-epre»entative  seemed  to  be  gaining  on 
the  Mors  vehicle  up  to  Chateaudun — 77  miles — but  the  most  remark- 
able thing  was  the  driving  of  Fournior.  who  was  now  leading  in  the 
open  race,  and  was  only  three  minutes  l>ehind  Girardot.  Voigt  was 
close  up,  hut  he  found  ita  disadvantage  in  having  only  three  changes  of 
speed,  while  the  others  bad  four,  Andre  Axt  followed  eighteen  min- 
utes afterwards,  with  Edge  and  Girardot  at  his  heelM.  ChaiTon  was 
eighth,  and  Maurice  Farman  ninth.  Edge  lout  his  position  through 
stopping  fifteen  minutes  at  Chateaudon.  Another  accident,  due  to  a 
level  crossing,  occurred  to  a  Godard-Demarest  light  carriage,  which 
arrived  just  as  the  gate  was  closing,  and  in  the  collision  the  driver 
was  thrown  out  with  considerable  force,  and  was  so  far  injured  that 
he  had  to  be  attended  by  a  doctor.  Girardot,  who  had  been 
getting  marvellous  speed  out  of  his  Panhard,  now  began  to 
have  trouble  with  his  friction  clutch,  and  he  reached  Vendflnie— 
10*2  miles^  twenty  minutes  after  Levegh,  who  arrived  there 
at  t}"  27™.  Foamier  was  only  three  minutes  behind  Girardot,  and 
then  came  Voigt,  Gilles  Hourgieres,  Andr6  Axt,  Maurice  Farman, 
Giraud,  and  Edge.  Charron  found  that  it  was  hopeless  to  con- 
tinue when  he  had  to  stop  every  few  miles  to  see  to  his  valves, 
and  he  gave  up  the  race.  The  first  motor  cyclist  (Teste)  reached  Ven 
d6me  at  7".  34'".  The  weather  was  hot  and  heavy,  and  the  roads  thick 
with  dust,  which  rose  in  dense  clouds  as  the  autocars  sped  along  at  50 
and  60  miles  an  hour.  Levegh  was  going  strongly,  and  rea<^hed  Tours 
^137  miles— at  7^  lil"".,  and  Fournier.  who  arrived  twenty  minutes 
afterwards,  had  actually  beaten  him  by  thi-ee  minutes.  Voigt  was 
third.  Girardot  stopped  to  fix  up  his  friction  clutch.  He  was  already 
hopelessly  out  of  it  for  the  cup,  and  was  philosophically  letting  the 
Mors  vehicle  increase  its  lead.  After  Girardot  came  Maurice  Farman. 
Andri!  Axt,  and  Edge,  and  the  motor  cyclist  Teste.  Gilles  Hourgiferes, 
who  was  expe<!ted  t«  do  great  things  with  his  new  Mors,  lost  a  lot  of 
time  through  tire  punctures.  The  situation  of  the  leaders  remained 
unchanged  up  to  Saint  Maure — 151)  miles — except  that  Edge  had 
retreated  to  the  rear  and  Girardot  had  fallen  a  long  way  I)ehind,  but  a 
few  miles  farther  on  an  accident  happened  to  the  Mors  cup  vehicle, 
which  struck  a  gulley  across  the  road  with  so  much  force  that  the  fore- 
part of  the  car  was  smashed.  It  is  supposed  that  the  cause  of  this  is 
the  curved  axle,  which  brings  the  motor  case  down  to  within  a  few 
inches  of  the  road,  and  is  very  liable  to  be  caught  by  an  obstruction. 
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Fournier  now  went  ahead,  but  when  about  a  couple  of  hours  after- 
wards Girardot,  whose  bad  luck  is  proverbial,  saw  Levegii's  More 
stranded  by  the  wayside,  fate  for  once  in  a  way  smiled  upon  him. 
Fournier  reached  Chatellerault  at  8".  37".,  followed  thirteen  minutes 
afterwards  l)y  Voigt,  while  Maurice  Farman  was  third,  Andr6  Axt 
fourth,  and  Giraud  fifth.  Deapit«  the  sweltering  heat,  enormous 
crowds  of  people  waited  for  hours  along  the  route  to  see  the  autocars 
pass,  and  special  precautions  had  to  be  taken  to  prevent  spectators 
from  crossing  the  road  until  the  cloud  of  dust  that  rose  up  after  the 
passage  of  each  vehicle  had  cleared  away.  Couche-Verac— 223  milea — 
was  reached  by  Fournier  at  9".  68".,  preceding  Voigt  by  twent-four 
minutes.  Maurice  Farman  passed  through  at  10".  45".,  Andr4  As*  at 
ll^  i".,  and  Giraud  at  ll^  12".  Pinson,  Teste,  Girardot.  Osmont, 
and  Gleizes  followed  in  that  order,  and  then  came  S.  F.  Edge,  who 
reached  the  town  at  12\  i".  Close  at  bis  heels  was  Gilles  HourgiSrea, 
who  had  picked  up  Levegh  and  his  companion.  He  was  constantly 
puncturing  his  tires,  and  had  given  up  all  hopes  of  finishing  in  the 
first  flight.  There  was  no  change  in  the  positions  of  the  leaders  up  to 
Kuffec — 2i2  miles — which  was  reached  by  Fournier  at  10*.  25".,  half  an 
hour  in  front  of  Voigt,  and  an  inten'al  of  twenty -one  minutes  separated 
Voigt  from  Maurice  Farman,  The  sun  was  hot  and  stifling  as  the 
first  lot  passed  through  Ruffec,  but  in  the  afternoon  a  violent  thunder- 
storm burst  over  the  district  and  thoroughly  soaked  those  unfortunate 
competitors  who  were  still  behind.  Many  of  them  gave  up  the  race 
from  this  cause.  Voigt  punctured  a  tire,  and  only  arrived  at  Angou- 
leme—20!t  miles — nine  minutes  in  front  of  Maurice  Farman,  and  Pinson 
also  had  a  similar  misfortune.  S.  F.  Edge  did  not  get  to  Angouleme 
until  after  2  oVlock,  and  as  he  went  through  without  stopping  at  the 
control  he  was  obviously  no  longer  racing.  Up  to  Barbezieux — 291 
miles— Maurice  Farman  was  able  to  pass  Voigt  for  the  second  place,  but 
Fournier  was  still  increasing  his  lead,  and  got  to  Barbezieux  forty-nine 
minutes  before  Farman.  Fournier  now  had  matters  all  his  own  way, 
and  .steadily  augmented  bis  advance,  while  Maurice  Farmin  wasimprov- 
ing  his  advantage  on  Voigt,  who  had  up  till  now  been  going  wonder- 
fully well.  On  leaving  Libimrne,  the  motor  cyclist  Gleizes  had  a 
serious  actudont  through  trying  to  light  a  cigarette  when  traveling  full 
speed.  On  letting  go  the  handlebar,  the  machine  wentoff  at  atangent, 
and  the  unfortunate  rider  was  badly  knm^ked  about.  He  remained 
unconscious  for  four  hours.  Intei-est  in  the  race,  which  had  been 
growing  all  along  the  course,  culminated  in  enthusiasm  at  Bordeaux, 
where  Fournier  got  a  magnificent  reception  as  he  arrived  at  Pavilions 
at  1',  9""  45"  his  net  time  for  the  full  distance  of  327i  miles  being  e" 
11™  44',  which  is  equal  to  an  average  of  53.3  miles  an  hour.  Maurice 
Farman  finished  nearly  an  hour  afterwards,  followed  after  an  interval 
of  five  minutes  by  Voigt,     Then  there  was  a  pause  of  thirty-three 
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minutes  until  Axt  completed  his  longf  journey  in  good  style,  and  Giraud 
had  a  great  success  with  tiie  splendid  performance  of  hiu  light  Panhard 
carriage.  His  average  was  89.7  miles  an  hour.  The  only  cup  arnral, 
Girardot,  finished  eighth,  his  average  being  37  miles  an  hour.  The  i 
Renault  voiturettes  ran  with  remarkable  regularity,  and  finished  close 
together,  the  winning  car  in  this  category,  driven  by  M.  L.  Renault, 
making  an  average  of  36.16  miles  an  hour.  The  De  Dion-Bouton 
machines  took  the  first  five  places  in  the  motor  cycle  class,  and  the 
average  speed  of  the  winner  (Teste)  was  40.7  miles  an  hour.  Alto- 
gether, 36  vehicles  reached  Bordeaux  before  the  control  was  closed. 

The  results  of  the  different  categories  are  as  follows:  Gordon- 
Bennett  cup  race — Gimrdot,  24-hor8epower  Panhard,  8"  51°  59'.  Paris- 
Bordeaux  race — cars  weighing  more  than  650  kilos:  Henri  Foumier, 
20-hor6epower  Mors,  6"  11"  44*;  Maurice  Farman,  24-hor8epower 
Panhard,  6"  il"  1';  Voigt,  24-horsepower  Panhard,  7"  16"  11";  Pin- 
son,  24-hor8epower  Panhard,  7"  46""  51';  Andr^  Axt,  SO-horsepower 
Panhard,  7''  47""  17";  Gillcs  Houi^i&res,  28-horBepower  Mors,  8" 
87"  Sd";  Henry  Farman,  Panhard,  8"  53"";  De  Crawhez,  Panhard, 
8"  55"  34';  Bcrteaux,  Panhard,  11*'  10";  L^on  Lefebvre,  Bolide,  11" 
53°.  Light  carri^res  of  400  to  650  kilos:  Giraud,  Panhard,  S""  9" 
48'j  Baras,  28-hor8epower  Darracq,  8''  42"°  52';  Edmond,  28-horse- 
power  Darracq,  10"  25";  B^onnais,  B^connais  carriage,  10"  41°  25'; 
Th^ry,  Decauville,  11''  11°;  Sanz,  Boyer,  11"  1^°;  Rudeaux,  Darracq, 
11"  49°;  Ulhinan,  Decauville,  12"  18";  Filtz,  Tui^n  et  Foy,  13"  57"; 
Chabrieres,  Decauville,  14"  5".  Voiturettes  of  250  to  400  kilos: 
L.  Renault,  Renault  Frcre.s,  9"  32"  27';  M.  Renault,  Renault  Freres, 
9"  40"  14';  Oury,  Renault  Freres,  9"  46°  50";  Griis,  Renault  Frferes, 
9"  52°;  Lot,  Liberia,  16"  4°.  Motor  cycles:  Teste,  De  Dion,  8"  1"; 
Osmont,  De  Dion,  8".  3°;  Bordeaux,  De  Dion,  8"  54";  Collignon,  De 
Dion,  9"  11";  Bardin.  De  Dion,  10"  30";  Gast^,  Liberator,  10"  32°; 
Holley,  De  Dion,  10"  33";  Cormier,  De  Dion,  11"  34°;  Bivierre, 
Werner  bicycle,  12"  30°;  Bucquet,  Werner  bicycle,  12"  47". 


On  the  oft'  chance  that  an  English  car  might  start  in,  and  the  still 
more  remote  chance  might  win,  the  Gordon-Bennett  cup  race,  we 
resolved  to  be  represented  at  both  ends  of  the  course  by  members  of 
our  staff,  and  the  writer,  who  journeyed  as  far  afield  as  the  finish, 
considers  that  a  few  words  in  supplement  to  the  brief  telegram  last 
week  may  be  of  interest.  We  crossed  on  Whit-Monday  in  company 
with  Mr.  Worby- Beaumont,  who  could  not  deny  himself  the  pleasure 
of  witnessing  the  start,  and  after  calling  at  the  handsome  quarters  of 
the  A.  C.  of  France,  and  subsequently  at  the  Hotel  Brighton,  where 
the  majority  of  the  A,  0.  G.  B.  party  were  staying,  and  where  we 
found  Mr.  MarkMayhewand  the  Hon.  C.  S.  Rolls,  we  learned  thatthe 
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French  c-lubmen  had  shown  most  sporting  feeling  toward  the  English 
car,  and  had  unoificially  informed  those  most  nearly  interested  that 
the  car  would  be  started,  timed,  and  cheeked,  although  she  would,  so 
far  as  the  race  itself  went,  obviously  be  disqualified  beforeshe  moved. 
The  conditions  of  the  race  laid  down  definitely  that  every  part  of  a 
competing  vehicle  must  l>e  built  in  the  t-ountry  by  it  represented,  and 
the  use  of  foreign  tires  of  coui'se  ci-abbed  the  deal.  Tho  above 
arrangement  was  all  that  the  English  club  or  tho  owner  or  makers  of 
the  car  could  desire,  and  it  was  felt  by  the  whole  English  pirty  pre.sent 
that  the  French  club  had  met  them  in  their  difficulties  in  a  particu- 
larly handsome  and  generous  manner.  If  the  English  car  had  won, 
well,  the  fact  that  she  mn  on  Michelin  tires  would  not  have  militated 
in  the  smallest  degree  against  the  renown  and  glory  that  would  have 
been  bet's,  and  it  is  only  by  lH<aniig  this  in  mind  that  the  sjxtrting  action 
of  the  Automobile  Club  of  Fmnce  can  be  thoroughly  approL-iated. 
Upon  reaching  Bordeaux  we  found  Messrs.  A.  C  Harmsworth,  Alfred 
Bird,  and  Max  Pemberton,  the  well-known  novelist,  whose  brilliant 
lately  concluded  story  Pro  Patria  is  still  fresh  in  everyone's  mind. 
These  three  gentlemen  had  driven  down  from  Paris,  as  to  Messrs. 
Harmsworth  iind  Bii'd  in  the  former's  new  12  horsepower  Sei'pollet 
steam  car,  and  as  to  the  author  of  Footsteps  of  a  Throne  in  Mr. 
Ilannsworth's  1'2  hoi-sepower  Panhni'd,  driven  by  Engineer  Lancaster, 
than  whom  a  >K!tt»'r  exi.sts  not.  (!olonel  C'rompton  and  Claude  Cromp- 
ton  swelled  the  party  later,  having  cy<^lc;d  from  Paris. 

Mr.  Harmsworth  was  good  enough  to  take  us  out  to  the  finishing 
point  about  2i  to  3  miles  from  the  city  at  a  crossing  of  ways  called 
Lgs  Quatres  Pavilions,  345.8!)  miles  fi'om  tlie  starting  point  at  Saint 
Cloud,  in  his  Serpollct,  and  though  3  miles  is  little  enough  to  have  of 
so  enti-ancing  a  vehicle,  it  was  enough  to  convince  us  that  that  car  ia 
quite  the  most  luxurious  road -tmve ling  vehicle  in  which  we  have  yet 
ridden.  Owing  to  the  absurdly  optimistic  prophecies  of  La  Velo  and 
L'Aut<i  Velo.  we  nui  out  over  the  horridly  paved  Pnstidc  Bridge,  and 
the  full  mile  of  tram-Iincd  pav<S  beyond,  and  climbed  the  hills  out  to 
the  Quati'e  Pavilions,  so  as  to  be  there  before  10  o'clock.  As  the  fly- 
ing Fournier  never  arrived  until  nine  minutes  past  1,  tho  odd  hours 
were  made  to  pass  as  well  as  might  be  by  watching  and  (-riticisiiig  the 
automobiles  which  went  speeding  outward  toward  Libourne  in  order 
to  take  up  favomble  positions.  Verily  we  I>elievc  every  car  in  Bor- 
deaux was  requisitioned  for  the  finish  of  this  great  event,  for  they 
swept  by  in  battalions  and  clouds  of  dust.  In  tho  intervals  inquiries 
were  made  as  to  what  was  known  anent  the  progress  of  the  race,  and 
occasional  telephone  messages  to  the  house  of  M.  .lournu,  of  the 
Automobile  Club  Bordelaise,  which  was  hard  by,  were  made  known. 
First  we  heard  that  Fournier  and  his  Mors  were  leading  well  at 
Chattel lerau It,  1(16  miles  away,  having  passed  Levegh,  and  that  Gi- 
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rardot,  the  ultimate  cup  winner,  had  smashed  his  clutch  at  Chartres, 
Later  came  the  news  that  Fourniev  was  leading  the  next  man  Voigt 
at  Ruffec,  101  miles  away,  by  twenty-five  minutes,  and  that  Iota  of 
punctures,  owing  to  nails  on  the  roads,  had  been  suffered  liy  many 
competitors.  The  time  wore  slowly  on  in  the  great  boat  and  dust, 
until  another  message  came  through  to  the  effect  that  Fournier  had 
left  Libourne,  15  miles  away.  Then  the  crowd,  which  made  up  in 
enthusiasm  what  it  lacked  in  numbers,  braced  themselves  with  the 
expectation  of  excitement.  The  minutes  passed  almost  in  silence,  so 
tense  had  the  feeling  become.  Even  the  camelots  ceased  to  cry  Le 
V^lo,  and  like  all  the  rest  strained  their  eyes  upon  the  brow  of  the 
hill  over  which  the  petrolic  Jehu  speeding  toward  them  must  come. 
Suddenly  a  cry  went  up  from  the  high  bank  on  the  right,  Le  voila! 
and  at  the  top  of  the  narrowed  way  between  the  poplar  tops  as  they 
descended  the  reverse  side  of  the  slope  were  seen  to  be  blotted  out 
as  with  a  cloud.  The  cloud,  as  it  appeared,  surged  ovei'  the  top  of 
the  hill,  descended  with  awful  rapidity,  and  whirled  toward  us.  It 
showed  a  black  eye,  which  every  instant  increased  in  size.  The  ej'e 
was  the  Mors,  whose  wildly  whirring  engine  was  now  distinctly  audible. 
Machine,  men,  and  cloud,  which  blotted  out  all  behind,  rushed  up 
the  winning  slope,  and  amid  the  wild  cries  of  all  who  witnessed,  com- 
pleted the  most  remarkable  automobile  run  yet  accomplished.  Over 
an  hour  and  a  half  elapsed  before  the  second  man  was  in,  and  the  same 
wild  scene  of  welcome  was  enacted,  though  in  leaser  degree  with  each 
arrival.  The  following  tabic  gives  these  as  they  occurred;  also  the 
average  speed  per  hour  throughout  the  journey: 
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The  average  milei^»  of  the  first  seven  arrivals  will  be  fouod  to  Ije 
leHs  than  those  we  cabled  from  Bordeaux,  but  at  that  time  we  were 
not  in  posseesion  of  the  total  distance  neutralized  by  the  controls,  and 
the  times  given  us  by  the  timekeeper  were  less  2"  37"  the  time  of 
neutralization.  The  distance  so  neutralized  was  l7i  miles,  which 
accounts  for  the  reduction  of  the  aver^es  previously  given.  Although 
Messrs.  Harmsworth,  Bird,  and  Pemberton  were  membera  of  the 
A.C.G.B.  and  I.,  and  Mr.  Bird  was  actually  nominated  as  one  of 
the  judges  by  the  French  club,  while  Colonel  Crompton  represented 
the  British  war  office  committee,  they  received  very  scant,  courtesy 
at  the  hands  of  the  clubmen.  Mr.  Bird  at  least  might,  we  think, 
have  been  offered  something  more  than  the  hospitality  of  the  road, 
wherein  he  remained  throughout  the  day.  It  was  only  after  meet- 
ing with  our  old  friend  M.  Paul  Rousseau,  the  dii-ector  of  Le  V^lo, 
that  we  obtained  access  to  the  timekeeper,  and  were  able  to  get  the 
particulars  always  freely  offered  to  representatives  of  the  press. 

The  little  party  of  the  six  English  returned  to  I'aris  on  the  follow- 
ing day  per  the  Paris  i^apide,  which  occupied  1"  26"  16"  more  in 
making  the  journey  than  had  Poiirnier  on  the  previous  da}'. 

IV.  —  PARIS   TO   BBRLm.  ' 

On  the  27th  of  June,  1W)1,  at  half-past  'A  in  the  morning,  the  official 
starter  of  the  Automobile  Club  of  France  sent  off  the  first  automobile 
from  Paris  for  Berlin,  and  in  turn,  every  two  minutes,  108  vehicles 
followed  after  the  first. 

The  day  before,  all  these  vehicles  had  been  put  in  first-rat«  order  by 
the  attendants  of  the  automobile  club  and  the  proprietors  had  paid  to 
the  customs  as  a  guaranty  that  they  would  be  brought  hack  to  France 
12  per  cent  of  tbcir  value,  which  amounted  to  the  handsome  sum  of 
1,250,000  francs. 


,  PariH,  Ju]v6,  1901. 


in  Rtporl  TS>01. — Automabll*  Rkvi. 


FouftNtER  ON  THE  Route  to  Berlin. 
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A  sporting  event  of  such  evidently  exceptional  importance  had 
stirred  up  all  tbe  automobile  world.  The  French  constructors  had 
gained  in  a  very  little  time  a  notable  place  in  the  new  industry  and  the 
machines  from  their  workshops  bad  hitherto  led  all  others.  Few  for- 
eign competitors  had  entered  before,  but  this  time  England  and  Ger- 
many came  forward  prepared  for  a  serious  struggle. 

Tbe  route  chosen  in  the  cast  of  France,  Belgium,  Luxemboui^,  and 
Germany  was  hard  and  dangerous,  being  74S  miles,  in  three  divisions 
(285  miles  from  Paris  to  Aix-la-Chapelle,  278  miles  from  Aix-la-Cba- 
pelle  to  Hanover,  and  185  miles  from  Hanover  to  Berlin).  In  the 
second  and  third  divisions  the  narrow,  uneven,  and  only  partly  paved 
i-oads  offered  very  unfavoi-able  conditions  to  the  pneumatic  tires  and 
there  were  no  ex[>e(^tattons  of  reaching  the  80  kilometers  an  hour  wbieb 
had  easily  been  obtained  on  the  good  roads.  There  was  especial  need 
to  show  prompt  decision  and  coolness,  especially  as  the  populace  along 
the  road,  still  unfamiliar  with  tbe  new  method  of  locomotion,  was 
crowding  to  see  the  new  vehicles,  pi-ompted  by  a  curiosity  which  only 
created  an  additional  trouble  for  tbe  drivers. 

]n  spite  of  all  these  difficulties  the  winner  of  the  race,  Fournier, 
mounted  on  a  French  automobile  supplied  by  tbe  Mors  Company,  fur- 
nished with  Michelin  pneumatic  tires,  reached  Berlin  in  16"  and  6", 
gaining  one  hour  and  a  half  on  the  Northern  Express;  and  this  exploit 
was  not  the  only  one,  for  following  it  Gii"ardot  arrived  in  17"  and  1", 
Ren^  de  Knytf  in  1""  4"",  while  among  tbe  light  vehicles  Giraud  took 
about  19"  and  33",  Louis  Renault,  in  the  Voiturette,  19"  16"  and  25", 
and  Osmont,  on  a  -simple  motocycle,  in  18"  59""  and  50'. 

We  have  endeavored  to  present  graphic  pictures  of  this  closely 
fought  contest,  and  to  bring  out  thereby  its  notable  characteristics. 

At  Aix-la-Chapelle,  Fournier  arrived  in  the  midst  of  the  frenzied 
shouts  of  thousands  of  spectatoi-s.  the  crowd  pressed  on  tbe  track  for 
more  than  three  kilometers,  refusing  to  ol>ey  tbe  soldiers  who  were 
there  to  secure  order,  and  closing  the  entire  roadway  up  to  the  very 
last  minute,  when  a  trumpeter  in  pointed  helmet  sounded  a  call  at  the 
same  time  to  warn  the  troops  of  the  approach  of  tbe  vehicles  and  the 
too  enthusiastic  spectators  to  get  out  of  the  way.  The  automobiles 
were  afterwards  taken  to  the  park,  where  they  were  to  be  kept  under 
military  guard  until  next  day,  and  around  the  yet  hot  vehicles  still 
pressed  the  crowd.  Outride  tbe  barrier  there  wa^  great  excitement  on 
the  arrival  of  every  new  automobile.  The  constructors  sent  mechanics 
charged  with  the  urgent  repairs  out  at  every  stage  of  tbe  road,  and 
they  were  pressing  their  way  to  the  barriei-s,  eager  to  get  to  work,  for 
the  drivers  have  just  a  quarter  of  an  hour  to  mdicate  what  work  to  do, 
and  just  a  quarter  of  an  hour  only  to  repair  all  the  injuries  suffered  by 
the  machines  on  the  road.  These  fifteen  minutes  elapsed,  at  the  com- 
mand of  the  constructor,  the  drivers  must  quit  the  spot,  after  which 
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comes  the  turn  of  the  niechanicHl  speoiatists  for  the  repairs  of ' 
" pnpiis,"  ihiinge  of  air  chambers,  and  like  delicate  work,  which  tl 
accomplish  with  a  dexterity  which  is  almost  mii-aculouse.  Finally,! 
only  after  thoy  have  looked  for  all  these  things),  after  the  groonii 
so  to  speak,  ofthe  racer,  that  the  chauffeur  in  his'  turn  in&t  UberU 
think  of  taking  a  bath  and  of  enjoying  an  hour  of  welUearned  siecp. 

At  Hanover  the  crowd  is  also  considerable,  and  the  reception  equf 
enthusiastic,  and  the  park  where  the  vehicles  are  taken  swarms  li 
wise  with  hurried  people,  dusty  mat^hines,  and  long  rows  of  oil  cati 

At  each  stage,  the  number  of  vehicles  sensibly  diminishes;  of 
109  which  left  Paris.  77  only  reached  Aix-la-Ohapolle,  «>2  Ilano' 
and  only  45  got  to  Berlin.  The  arrival  at  Berlin  took  place  on  Sa 
day.  the  )iHb  of  June,  at  the  Hippodi-omc  of  the  West  End  Baih 
i  miles  out  of  town.  Everytwdy  in  the  city  of  Berlin  waN  pres 
and  uniforms  were  mixed  with  pretty  toilets,  and  everything  ranj 
from  automobile  costumes  to  the  most  extraordinary  garments  In 
seen  together. 

The  morning  breeze  which  brought  up  clouds  of  fine  dust  gildc 
the  -sun.  united  in  the  same  folds  the  French  and  the  (rernian  bam 

At  U"  45""  -12',  Fmirnier  arrived  at  full  speed,  and  in  an  inatanl 
covered  with  tri-color  ci-owns,  taken  from  his  automobile,  and  cu 
off  in  triumph.  A  similar  ovation  attended  the  second,  Gu-ardot. 
this  time  the  enthusiasm  was  indescribable. 

At  3  o'clock  the  automobiles  went  through  Berlin  io  one  Wnj 
cession  saluted  in  their  passage  by  frenzied  accUniatioiw. 
made  a  .sensational  entry  to  the  barracks  of  the  grenadiers  c 
"Kmperor  .\lexandcr,"  where  they  were  to  be  classed  before 
dcjmrture  for  the  exhibition  of  automobiles  just  opened  in  liev 
which  they  were  to  l>c  the  leading  feature.  It  was  one  of  tn< 
striking  circumstances  that  these  pacific  machines  should  go  m 
German  Iwrnw^k  with  its  prison  discipline,  and  it  was  curious 
with  what  wondering,  laughing  eyes  the  stiffly  moving  solaicr> 
at  their  strange  visitors. 

The  prizes  to  the  winners  of  the  different  cl  a.-»ses  were  awa 
follows:  To  Fournier,  the  prize  of  the  Empei-or  of  Germany. 
King  of  the  lielgians,  of  the  Grand  Duke  of  I^uxoniljourg^,  »^<^ 
citvof  Hanover.  Werner,  the  Sevres  vase  given  by  the  i  r 
of  the  French  Republic.  Giraniot,  the  prize  of  the  Gi-and  V 
Luxembourg. 

The  first  of  the  voiturettes,  Louis  Renault,  was  awarded  the 
the  ministry  of  commerce. 

This  great  exhibition  of  automobilism  will  doubtless  be  the 
of  its  kind  which  we  shall  see,  for  it  has  caused  several  ae 
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the  President  of  the  Chamber  of  Deputies  was  obliged  to  reply  to  Mr. 
G^rault-Rechard  who  had  spoken  for  those  affected  by  the  fatal  drama, 
that  the  Government  shared  the  anxiety  of  the  public,  and  that  it 
would  try  to  prevent  the  recurrence  of  any  such  sad  accidents,  so  that 
protmbly  we  shall  see  no  more  of  such  I'aces  as  this. 

We  shall  not  greatly  regret  it.  These  testa  "have  done  great  service 
to  the  constructors  and  to  industry  in  general,  and  we  shall  have  no 
future  need  of  demotistrating  that  an  automobile  can  go  a  hundred 
kilometers  an  hour  when  it  is  exceptionally  well  constructed  and 
driven  by  an  exceptional  man.  We  shall  be  able  to  find  other  and 
simpler  methods  of  demonstrating  the  celerity,  regularity,  and  endur- 
ance which  we  have  a  right  to  demand  after  the  first  year  of  trial  of 
this  new  locomotion. 
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By  Day  Allen  Willky. 


What  in  known  aa  the  Gokteik  Viaduct,  recently  completed  in 
Burma,  Asia,  is  notable  for  ita  height,  length,  and  the  remarkably 
tihort  time  in  whii-h  it  was  built,  oonsidering  the  obstaeleis  to  be  over- 
come, A«  the  bridge  was  planned  and  the  material  made  in  this  coun- 
try, and  uiost  of  the  important  work  was  done  l)y  Americans,  it  formw 
another  indication  of  the  progress  which  our  bridge-building  industry 
is  making  altroad.  The  structure,  which  is  located  about  HO  miles 
from  Mandalay.  connects  portions  of  the  line  of  the  Burma  Itailway 
Company  lietween  Mandalay  and  Rangoon.  It  is  one  of  the  long 
railway  bridges  of  the  world,  l)eing  2,:i60  feet  in  length,  and,  with 
two  exceptionis,  it  is  the  highest,  the  railway  track  lieing  320  feet  above 
the  natural  bridge  which  forms  its  foundation.  The  famous  I^oa  Via- 
duct in  South  America  is  S3ti  feet  high,  but  only  »0()  feet  in  length. 
The  Pecos  Viaduct  in  Texas  is  Sai  feet  in  height,  but  80  feet  shorter 
than  the  (lokteik  structure,  whih^  it  contains  but  1,820  tons  of  metal. 
The  new  Kinzua  bridge  on  the  Krie  Railway  in  Pennsylvania  is  but 
Si,o:^5  feet  long  and  111  feet  lower  at  its  highest  point,  although  it  con- 
tains 3.250  tons  of  uietat. 

The  erection  of  the  bndge  was  begun  December  1.  lSH!t,  and  com- 
pleted on  Octolwr  Hi,  I'.KM),  the  construction  force  consisting  of  35 
employees  of  the  Pennsylvania  Steel  ('oni]»iny.  which  took  the  con- 
tract; 15  Kuropeans.  and  alMtiit  45(1  native  lalnirers.  secured  princi- 
pally from  tlie  vicinity  of  Calcutta,  India.  Tlie  plans,  which  were 
prepared  by  Air.  .).  V.  W.  Keynders,  sujX'rintendent  of  bridge  con- 
.stniction  of  the  I'ennsylvania  Company,  called  for  a  series  of  1+  single 
towers,  one  doubh>  tower,  and  a  rocker  IhmiI,  which,  with  the  abut- 
ments, carry  ten  12()-foot  truss  spans  and  seven  (iO-foot  plate-giixler 
si)ans.  The  viaduct,  for  2K1  feet  at  one  end  and  3+1  feet  at  the  other 
end.  is  curved  to  a  radius  of  SOO  feet,  and  iK-tween  these  two  curves 
there  is  a  tangent  of  1,038  feet.  The  height  of  the  structure  above 
the  ground  is  130  feet  at  one  end  and  213  feet  at  the  other  end.  The 
viaduct  was  designed  to  t^arry  a  double-track  road  and  a  foot  walk,  but 
the  floor  svstem  for  the  fo()t  walk  and  one  track  onlv  is  constructed  at 
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present.  The  single  toweru  cutiai^it  of  two  transverse  trestle  bents, 
braced  together  in  all  directiong.  The  double  tower  consist:)  of  three 
trestle  bents.  So  far  as  practicable,  the  members  of  all  bents  were 
made  interchangeable. 

Except  Heven  plate-girder  (-pand,  located  at  the  ends  of  the  viaduct, 
all  of  the  connecting  spans  are  made  up  of  two  12l)-foot  deck  trusses. 
These  trusses  carry  27-ini'h  plate-girder  floor  beams  spaced  13  feet 


apart,  which  in  turn  jsupport  tiie  tracic  Mtringcrs.  The  top  flanges  of 
the  trtisricn,  floor  beams,  and  stringers  are  made  flush,  and  are  covered 
over  with  a  .solid  floor  of  fivc-sixtccnth  inch  flat  plate.-^. 

To  handle  the  niaterial  a  special  traveler  was  designed  and  con- 
structed at  the  works  of  the  Pennsylvania  Company,  shipped  to  Asia 
with  the  bridge  material,  and  put  togi'thnr  at  the  gorge.  This  is  by 
far  the  largest  traveler  ever  built,  hiiving  an  overhang  of  1G5  feet 
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and  weighing  80  tono.  Its  maximum  lifting  capacity  is  30  tons. 
It  consists  of  3  trusses,  two  of  which  arc  connected  by  transverse 
bracing,  built  on  the  cantilever  plan,  each  being  219  feet  in  length, 
40  feet  in  height,  and  separated  by  a  width  of  24i  feet.  The  lower 
chords  of  the  traveler  supported  four  trolleys,  each  provided  with 
a  chain  hoist  having  &  lifting  capacity  of  16  tons.  Powerful  clamps 
were  especially  designed  for  holding  the  rear  end  of  the  traveler 
to  the  girders  of  the  viaduct,  and  it  wa«  supported  on  a  scries  of 
wheels  enabling  it  to  be  easily  moved  as  the  work  progressed. 
Most  of  the  material  was  lowered  from  above  by  the  traveler.     In 


erecting  the  towers  (ji-ofvsing  the  deepest  jwrtion  of  the  goi'ge  a  tem- 
poi-ary  track  was  huilt  on  a  wooden  trestle  at  an  elevation  of  aliout 
100  feet  alxtve  the  l>a.-ie,  and  material  for  the  lower  part»  of  the  tower.s 
hauled  to  the  spot  and  transferred  to  their  positions  by  special  derricks. 
An  idea  of  the  (juantity  of  material  placed  in  position  can  be  gained 
when  it  is  stated  that  it  comprised  most  of  the  trargoos  of  three  steam- 
ships, and  when  loaded  on  the  cars  at  Steelton.  Pennsylvania,  repre- 
sented a  solid  train  li  miles  long.  The  erection  plant  alone  weighed 
•2T}i)  tons,  and,  in  addition  to  the  traveler,  included  three  hoisting 
engines,  a  series  of  air  compressors,  a  telephone  system  for  communi- 
cation between  the  gangs  working  at  each  end  of  the  viaduct,  and  the 
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neoessary  chUels,  hammera.  and  other  tools  for  bridge  const 
At  the  outset  heavy  rains  iiitJ^rfeied  considembly  with  the  j 
of  the  work,  the  violence  of  the  storms  being  m  great  that  it  ' 
dom  possible  to  do  any  work  In'tween  noon  and  sundown.  'V. 
perature  ranged  from  below  the  freezing  point  at  night  to  o 
in  theshade  in  the  forenoon.  Another  delay  was  cuusod  by  the 
of  the  native  laborei'w,  on  account  of  their  superstition,  to  u; 
pressed  air  in  riveting,  and  nearlyallof  this  was  done  by  hand,  al 
the  plans  railed  for  192,000  rivets  in  the  tield  work  alone. 
The  usual  plan  followed   iu  bridge  construction  of   indiciiti 


Vitiv  III  inivtli-r  uliuwiiig  opiKwilB  siJu  of  gur|[i:  111  tlic  OlaUiiiiri^. 

locations  of  different  parti*  by  numbers  and  letters  (.'ouM  not  b 
lowed  in  this  case  owing  to  the  ignorance  of  the  natives;  so  a 
scheme  was  adopted,  by  which  each  cohmin  and  girder  was  gi\ 
distinctive  color,  and  the  joints  lietween  the  cohimns  painted  w 
combination  of  stripes.  All  the  ere<:tion  outtit  was  painted  blai 
distinguish  it  from  the  bridge  niat«rial  proper.  In  this  way  the 
sands  of  piec^is  were  handled  and  put  in  position  without  diffit- 
In  beginning  the  construction  of  the  viaduct  the  steel  was  haul* 
the  end  of  the  trac-k  and  deposit*>d  in  a  tempoi-ary  storage  yard  in 
a  manner  that  it  could  be  lifted  by  the  traveler.  Thus  the  first  to 
were  erected.     As  these  were  placed  in  position  the  superstriicturt 
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fastened  to  them  and  the  traveler  moved  forward.  Then  the  material 
was  loaded  on  flat  cars,  pushed  out  upon  the  bridge,  and  transferred 
fi-om  the  cars  into  position. 

Owing  to  the  height  of  the  bridge  and  the  extreme  coangeis  in  tem- 
perature careful  provision  had  to  be  made  both  for  the  wind  pressum 
and  the  unusual  contraction  and  expansion  of  the  metal.  The  bridge 
was  built  to  carry  a  load  of  2,240  pounds  to  each  linear  foot  of  track, 
in  addition  to  two  locomotives,  each  weighing  54  tons.  It  is  to  with- 
stand a  wind  pressure  of  about  34  pounds  per  square  foot  when  a  train 
is  upon  it,  and  about  56  pounds  per  square  foot  at  other  times.  These 
calculations  were  made  by  the  consulting  engineers  of  the  railway 
company — Messrs.  Sir  Alexander  Rendel  &  Co.,  of  London,  repre- 
sented by  Mr.  \V.  H.  Clark.  The  viaduct  was  erected  under  the 
supervision  of  Mr.  D.  Duchars,  chief  engineer,  and  Mr.  J,  A.  White, 
resident  engineer. 

As  already  istated,  a  portion  of  the  viaduct  is  located  upon  a  natural 
bridge.  This  is  a  rocky  formation  which  is  just  wide  enough  to  safely 
support  the  towers.  Two  hundred  feet  below  its  summit  flows  a  river 
which  has  forced  a  channel  beneath  the  formation,  so  that  the  total 
height  of  the  bridge  above  the  water  is  5iiO  feet. 
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By  Francis  Fox,  Esq.,  M.  Inst.  C.  E.,  M.  R.  I. 


The  subject  for  this  evening's  discourse  in  that  of  the  tbi'ee  great 
tunnels  through  the  Alps,  viz,  the  Mont  Cenis,  the  St.  Gotbard,  and 
that  which  is  now  in  course  of  construction — the  Simplon, 

But  before  dealing  with  the  details  of  these  particular  works  it  will 
be  desirable  to  consider  what  tunneling  is,  and  also  some  of  the  more 
remarkable  instances  of  it  in  bygone  daj's. 

One  great  drawback  in  connection  with  the  subject— so  far  as  a  dis- 
course is  concerned — is  its  unsuitability  for  the  photographic  art. 
Unlike  a  battle  ship,  or  a  splendid  bridge,  or  a  grand  block  of  build- 
ings, which  can  be  made  into  fine  views  and  pictures,  the  work  of  the 
mole  is  hardly  adapted  to  the  sensitive  plute.  I  therefore  propose  to 
make  use  of  the  "  language  of  the  pencil,"  and  to  make  h  few  rough 
sketches  on  the  blackboard.  By  these  means  I  trust  I  may  be  able  to 
explain  some  of  the  difficulties  which  have  to  be  encountered,  and  also 
show  how  a  tunnel  is  constructed.  The  child's  definition  of  drawing, 
"first  you  think  and  then  you  draw  a  line  round  your  think,"  will 
come  to  our  aid. 

The  art  of  tunneling  dates  back  to  very  remote  ages,  and  there  are 
records  of  such  works  which  were  constructed  five  hundred  to  six  hun- 
dred years  before  the  Christian  era. 

An  interesting  account  is  given  by  one  of  your  most  distinguished 
members,  in  an  article  in  the  Encyclopsedia  Britannica.  of  the  tunnel 
under  the  River  Euphrates,  at  Babylon.  This  city,  similar  in  some 
respects  to  London,  lay  half  on  one  side  and  half  on  the  other  side  of 
the  river.  High  walls,  penetrated  by  occasional  gates,  surrounded  the 
city  and  lined  each  of  the  banks  of  the  river.  These  gates  (of  which 
a  pair  of  the  great  hinges  can  be  seen  in  the  British  Museum)  were 
closed  at  night  and  during  war;  and  a  tunnel  was  consti'ucted  below 
the  bed  of  the  river  by  means  of  what  is  technically  known  as  the 
"cut-and-cover"  system.  In  those  days  the  Greathead  shield  was 
unknown,  and  consequently  the  river  had  to  be  diverted  so  that  the 
excavation  could  be  made  in  the  dry  bed  and  cut  open  to  daylight,  the 

•Rcprititeii  from  Proceedings  ot  the  Boyal  Institution  ot  (ireat  Britain,  Vol,  XVI, 
Part  1,  1901.  Reail  al  weekly  evening  meeting,  Friday,  May  25,  1900,  His  Gra(«  the 
Duke  of  North uuiberlani],  K.  U.,  F.  S.  A.,  president,  in  the  i-hair. 
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ai'ch  being  built,  the  ground  restored,  and  the  river  allowed  to  resume 
its  former  course.  The  tunnel  is  said  to  have  been  15  feet  in  width 
and  12  feet  in  height,  built  of  brick. 

Herodotus  gives  an  account  of  the  diversion  of  the  river  into  a  gretit 
excavation  or  artificial  lake  40  miles  square,  and  states  that  the  besieg- 
ing enemy,  so  soon  as  the  watei"  waa  dmwn  off,  entered  into  the  city 
by  the  river  Ired.  It  is  believed  that  this  same  excavation  was  made 
use  of  for  the  construction  of  the  tunnel.  It  is,  however,  desirable  to 
state  that  doubts  have  been  thrown  on  the  subject,  and  it  is  possible 
that  it  may  ha^e  to  be  relegated  to  mythology. 

The  next  instance  of  a  tunnel  is  that  I'eferred  to  by  Herodotus  in 
the  Inland  of  Samos,'  and  it  is  satisfactorj'  to  know 
that  although  veiy  considerable  doubts  were  expressed 
as  to  the  accuracy  of  his  statements,  recent  investi- 
gations piove  that  he  was  exactly  correct.  The 
description  given  by  him,  when  expressed  in  English 
words  and  ligures.  is  as  follows: 

"They  have  a  mountain  which  is  910  feet  in  height; 
entirely  through  this  they  have  made  a  passage,  the 
length  of  which  is  l,41i)  yards.  It  is,  moreover, 
S  feet  high  and  rh  many  wide.  By  the  side  of  this 
there  is  also  an  arttlicial  canal,  which  in  like  manner 
goes  quite  through  the  mountain;  and  though  only  3 
feet  ill  breadth,  is  30  feet  deep.  This,  by  the  means 
of  pipes,  conveys  to  the  city  the  waters  of  a  copious 
spnng." 

The  commentatoi's  on  this  passage  say  that  Hero- 
dotus must  have  made  a  mistake,  but  the  Rev.  H.  F. 
Fiu  1 -croaa Bectioii    ''"zer.  ill  his  lx>ok  The  Islands  of  the  jEgean,  p^e 
oi  ihH  A>|uedini of     167,  givcs  the  results  of  a  peisinal  visit, 
fZ'd'Tiamo.""'        ^*^  **>'^  ^^'^  tunnel  is  7  to  8  feet  in  width;  that 
two-thirds  of  its  width  is  occupied  by  a  footpath,  the 
other  third  lieing  a  water  course,  30  feet  deep  at  one  end.     He  and 
other  writei"s  consider  that  insufficient  allowance  was  made  for  the  fall 
of  the  water,  and  that  the  water  channel   had  to  be  deepened.     To 
describe  it  in  more  modern  language,  the  I'esident  engineer  evidently 
made  a  mistake  in  his  levels,  necessitating  a  much  deeper  excavation 
than  was  at  first  anticipated. 

Another  and,  if  possible,  a  more  interesting  instance  of  tunneling 
is  that  described  in  the  Proceedings  of  the  Palestine  Exploration 
Society,  in  connection  with  the  Pool  of  Siloam,  made  by  Hezekiah, 
B.  C.  710,  2  Kings,  xx,  ao."     (See  fig.  2.) 

Alwut  710  B.  C.  a  tunnel  was  driven  from  the  spring  to  the  well — 
by  actual  tunneling — the  work  being  commenced  at  the  two  ends,  and 
by  shafts,  and  the  workmen  met  in  the  middle.     The  tunnel  was  only 

'Herodotus,  III,  p.  00.  "  Palestine  Exploration,  IH82,  p.  178. 
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2  feet  in  width,  and  3  feet  in  height,  except  at  the  pi-obabte  point  of 
meeting,  wheie  the  height  is  4  feet  6  inches.  The  length  is  1,708  feet, 
and  there  is  a  fall  of  1  foot  in  this  distance.  About  the  middle  of  its 
coui-se  there  are  apparently  two  false  cute,  as  if  a  wrong  direction  had 
been  taken;  but  possibly  these  were  intentional,  and  provided  passing 
places  for  the  workmen  and  material. 

On  the  Moffit  of  the  tunnel  is  carved  an  inscription,  of  which  the  fol- 
lowing is  a  tmnslation : 

"Behold  the  excavation.  Now  this  had  been  the  history  of  the 
excavation.  While  the  workmen  were  still  lifting  up  the  pick,  each 
toward  bis  neighbor,  and  while  3  cubits  (4  feet  6  inches)  still  remained 
to  cut  thi*ough,  each  heard  the  voice  of  the  other,  who  called  to  hi.-* 
neighbor,  since  there  was  an  excels  of  rock  on  the  right  hand  and  on 
the  left.  And  on  the  day  of  the  excavation  the  workmen  struck  each 
to  meet  his  neighbor  pick  against  pick,  and  there  flowed  the  waters 
from  the  spring  to  the  pool  for  1,200  cubits  (1,820  feet),  and  100  cubits 
(151  feet)  was  utc  height  of  the  rock  over  the  head  of  the  workmen." 

A  Roman  pngineer  gives  an  account  of  a  tunnel  which  was  being 
driven  under  his  directions  for  an  aqueduct.     And  as  he  was  only 


able  to  visit  the  work  occasionally,  he  describes  how  on  one  of  his 
visits  he  found  the  two  headings  had  missed  each  other,  and  he  says 
that  had  his  visit  been  deferred  much  longer  there  would  have  been 
two  tunnels. 

The  accurate  meeting  of  the  headings  or  driftways  of  a  tunnel  can 
only  be  attained  by  the  exercise  of  great  care,  both  as  regards  direc- 
tion as  well  as  level. 

We  need  not  go  very  far  to  find  instances  of  such  an  error  as  inac- 
cui-ate  meeting,  but  there  is  one  well-known  case  on  an  important 
main  line  in  the  Midland  counties  where  the  engineers  failed  to  meet, 
and  to  this  day  reverse  curves  exist  in  the  tunnel  to  overcome  the 
difhculty. 

To  attain  this  accurate  meeting  fine  wires  are  hung  down  the  shafts 
of  a  tunnel,  with  heiivy  plumb  bobs  suspended  from  them  in  buckets 
of  water,  or  of  tar,  to  bring  their  ascillations  to  rest,  the  accurate  direc- 
tion being  given  by  means  of  a  theodolite  or  transit  instrument  on  the 
Burface. 

The  wires  are  capable  of  side  movement  by  means  of  a  delicate 
instrument  (which  is  on  the  table),  and  are  gradually  brought  exactly 
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into  the  same  vertical  plane;  hence,  if  they  are  correct  at  "  hank,"  or 
surface,  they  must  also  be  correct  below  (.rround.  The  engineers 
below  have  to  drive  the  ^Ueries  or  heading  so  that  only  one  wire  in 
visible  from  their  instrument;  so  long  as  one  wire  exactly  eclipses  the 
other  wire,  the  gallery  is  being  driven  in  the  right  direction. 

As  regards  accuracy  in  lovels.  this  is  done  by  ordinary  leveling;  hut 
it  will  be  seen  at  once  how  much  depends  on  care  being  devoted  to 
both  these  operations. 

Assume  two  shafts.  1,0(MJ  yards  apart,  between  which  a  gallery  ha.s 
to  be  driven,  and  allowing  a  distance  of  10  feet  between  the  wires, 
which  are  one-fortieth  inch  in  diameter,  an  error  of  the  diameter  of 
the  wire  at  the  shaft  will  cause  a  mistake  of  nearly  4  inches  at  the  point 
of  meeting,  or  of  Ti  inches  if  a  similar  error  occurs  at  the  other  shaft 
in  the  opposite  direction.  The  trickling  of  water  down  the  wires 
increases  their  diameter  so  appreciably,  and  therefore  conduces  to 
further  inaccuracy,  that  it  is  found  necessary  to  fix  a  small  shield  or 
umbrella  on  the  wire  U)  deflect  the  water.  (This  shield  is  to  be  seen 
on  the  tabic.) 

Some  years  ago,  a  tunnel  which  had  been  commenced,  but  not  tin- 


ishcd.  had  to  he  completed.  The  first  thing  to  be  done  by  the  engi- 
neers wa<  to  make  an  accumte  sun-ey  of  the  then  condition  of  the 
work — this  lough  sketch  (see  tig.  H)  indicates  what  was  discovered. 
The  explanation  given  by  the  former  "ganger"  was,  that  he  found 
the  ruck  too  hard,  and  he  thought  that  by  bearing  round  somewhat  to 
the  right  he  might  get  into  moi-e  easily  ex<'avated  material! 

When  the  wires  are  hung  down  the  shaft  it  is  sometimes  almost 
impossible  to  prove  that  they  are  not  touching,  and  conaequently 
being  deflected  from  the  true  vertical  Line  by  some  rope  or  pipe,  stag- 
ing or  timber  in  the  shaft.  To  overcome  this,  an  electrical  curi-ent 
was  ]>assed  down  the  wire — a  galvanometer  being  in  circuit.  If  the 
wire  proved  absolutely  silent,  and  no  deflection  was  obtained  in  the 
gfthanometer,  the  conclusion  could  iie  safely  drawn  that  the  wire  was 
hanging  freely  and  truly. 

In  driving  the  necessary  adit  or  heading  for  drainage  puriwaes 
beneath  a  subatgueous  tunnel,  a  rising  gradient  from  the  shaft  bottom 
of  1  in  500  is  allowed,  to  onnble  the  water  at  the  '■  face"  to  flow  away 
from  the  workmen  to  the  pumps  in  the  "sump"  or  shaft  bottom  (see 
lis-  *)■ 
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When  the  heading  is  driven  tiufficiently  forward  to  jiistify  the 
commencement  of  the  main  tunnel,  a  fresh  difficulty  presents  iteelf. 
This  main  tunnel  has  to  be  driven  down  hill,  and  consequently  the 
water  collet^ts  at  the  working  face  A;  the  bottom  can  not  therefore  lie 
removed  until  a  bore-hole  is  put  down  from  A  to  a.  When  this  is 
done  the  remaining  excavation  can  be  taken  out,  and  a  further  length 
of  tunnel  driven  to  B,  A  bore  hole  is  now  sunk  from  B  to  ft,  whilst 
that  from  A  to  «  can  be  plugged  up;  and  thus  the  tunnel  in  gradually 
advanced. 

By  the  adoption  of  the  Greathead  shield  much  of  this  difficulty  can 
be  avoided;  but  one  .sulmqueoufi  tunnel  through  water-bearing  strata, 
at  considerable  depth,  is  sufficient  for  a  lifetime. 

As  an  illustration  of  the  danger  to  which  men  arc  exposed  in  such 
work,  it  is  stated,  with  much  regret,  that  in  a  ceilain  tunnel,  notwith- 


— Drnimimraiiltc  wTtinn  In  IIIiikI 


[Standing  every  pi'ecautioii  Iniing  taken,  all  the  men  engaged  in  driving 
the  drainage  heading  by  mpiins  of  a  tunneling  machine  have  died: 
and  in  the  case  of  the  lir.st  Vyrnwy  tunnel  cro.fsing  of  the  River 
Meisey — driving  by  Greathead  shield  under  i>rt'ssuif! — the  mortality 
was  great. 

Having  explained  in  very  geneml  terms  some  of  the  difficulties  of 
tunnel  construction,  we  will  proceed  to  the  c4i.se  of  the  great  tunnels 
through  the  Alps,  and  for  the  purpose  of  rendering  the  subject  mere 
easily  intelligible,  the  following  particulars  may  be  given: 


L^eUicif  tiiniipl  inmllni 

SiHiih  iir  wwl  porul  almvc  «■«  level do. . . ! 

IliKl'eHI  level 

Maxlniiim  irnululn  tunnel  |h.tI.(iuo 

Maximum  heiKh  I  nf  moi  111  lull  I  u  In  ive  tunnel feet.. 

tV)>i'iblL' mailinum  tempenilure  uf  luek deg.  Palir.. 
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MONT  CEN18  TUNXEL. 

The  Mont  Onis.  or  an  it  is  more  ai-cumteiy  called,  the  Fi 
nel,  13  nearly  H  miles  in  length.  It  is  for  »  double  line  of  w 
being  2G  foot  Hnd  height  above  rails  aO  fpot  (i  inches.  The 
tion  is  of  excellent  ehamcter,  and  it  is  lined  throughout  \i 
masonry  or  brickwork,  except  for  two  lengths  of  1(K)  mete 
meters,  respectively.  In  these  two  lengths  solid  white  q 
encountered,  and  two  years  were  occupied  in  peneti-ating  it. 
lery  of  direction  is  straight  throughout  the  actual  tunnel,  hei 
away  to  the  portals. 

The  system  of  setting  out  will  be  described  in  more  det&'i 
come  to  consider  the  case  of  the  Simplon,  but  in  passing 
remark  one  peculiarity  which  does  not  attach  to  the  other  tu 
that  the  gallery  of  direction  on  the  Italian  side  is  shut  off  by 
grating  from  the  railway  tunnel,  and  is  occupied  by  guns  an< 
and  by  a  detachment  of  artillery,  the  French  portal  l»eing  ct 
by  an  armor- plated  foil. 

The  appi-oaches  to  the  tunnel,  both  on  the  Italian  and  Fre 
are  severe,  amounting  to  3(1  per  l.WXI  or  1  in  88  on  the  form 
per  1,000  or  1  in  40  on  the  latter. 

Owing  to  an  alteration  during  construction  on  the  Bar 
side,  it  Iwcame  necessary  to  introduce  an  ascending  gradient 
1  kilometer  in  length  at  the  Italian  end  of  the  tunnel,  am 
resulted  in  seriously  compromising  the  ventilation 

A  rough  diagram  will  serve  to  gixe  an  idea  of  the  gradicn 
consequent  difficulty  in  working  the  traffic. 

Trains  coming  from  France  with  an  ascending  gradient  < 
against  them  for  a  length  of  7  kilometers,  when  followed  l>y 
of  nir  in  the  simie  direction,  produce  ii  most  disastrous  state 
In  this  tunnel,  as  in  all  other  steep  tunnels,  engines  having  at 
l>ehind  them  go  through  with  their  ivgulator  full  open,  ejed 
volumes  of  smoke  and  steam,  which  travel  concurrently  with 
and  tlie  inconvenience  and  discomfort  produced  are  very  gn 

At  each  kilometer  in  the  tunnel  a  refuge  or  "grande  ch 
provided  for  the  men.  and  this  is  supplied  with  compressed 
water,  a  t^'Iephone  in  each  direction  out.  a  medicine  chest,  h 
and  thermometer. 

The  custodians  of  the  tunnel  go  in  pairs,  and  if  one  man 
by  the  want  of  oxygen  or  dense  smoke,  the  other  can  render 
or  telephone  for  furthor  help.  The  men  can  retire  into  ih 
bers,  close  the  door,  turn  on  the  air,  and  wait  either  for  the 
clear  or  for  a  locomotive  to  fetch  them  out. 

The  temperature  in  the  middle  of  the  tunnel  remains  n^ 
stant,  summer  and  winter,  and  is  alKmt  1!'    to  20-  C.  ^  ti'l 

The  altitude  of  the  tunnel  is  4,^48  feet  alx>ve  sea  level 
r     ,:   .Cookie 
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heightof  thp  mountain  above  the  tunnel  is  5,428  feet;  the  temperatui-e 
of  the  rock  is  gi-eatly  influenced  by  this  latter  fact. 

The  question  of  the  tfmperature  of  the  I'ocks  passed  through  in    the 
construction  of  a  tunnel 
in  one  of  great  interest,    /u^h 
as  it  depends  upon  sev- 
eral conditions:  (l)  The 
character  of  the  ro<'k; 

(2)  the  inclination  of  the 
beds,  those  which  attain 
a  vertical  or  nearly  ver- 
tical position  being  less 
able  to  confine  the  heat 
than  those  which  are 
more  or  less  horizontal; 

(3)  the  height  of  the 
mountainabove  the  tun- 
nel, or,  in  other  words, 
the,  thickness  of  the 
blanket. 

A  diagram  is  shown 
(see  tig.  5)  giving  the 
temperature  actually 
encountered  in  the  St. 
GothaM  and  Arlberg 
tunnels,  and  f  i-om  these, 
aided  by  the  carefully 
pivpared  geological  sec- 
tion along  the  center 
line  of  the  Siitiplon  Tun- 
nel, an  approximate  line 
(in  red)  is  given  of  the 
temjK^ratures  which  are 
expected. 

The    po.ssibiiity   of 
cooling    the   i-ocks  and 
the  air  of  the  tunnel  will 
be  dealt  with  later  on, 
but  there  is  in  addition   ^     e_ 
u   peniianent   lowering     lemiie 
of  the  temperatureafter     ^""'*' 
the  tunnel  is  complete, 

particulars  of  wbich  will  be  given  under  the  description  of  the  St. 
Got  hard. 

For  each  144  feet  of  superincuinbent  rock  or  earth  the  increase  is 
found  to  l>e  1'=  F. 


ig  dciiibs  totreBpoudlng  ui  an  incteaw  In 
for  the  Monl  CenlH,  Gothord,  and  Arlberg 
a[  probable  temperBiure  lor  llie  Slmplon 
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THE   ST.  UOTHARD  TUTraEL. 


This,  which  is  at  present  the  longest  railway  tunnel  in  the  world,  is 
9.3  miles  in  length,  and  constitutes  the  summit  of  the  "Gothard 
bahn" — that  is,  the  railway  which  runs  from  Lucerne  to  Chiasso  on 
the  Italian  frontier.  There  are  about  100  tunnels  in  all,  most  of  which 
are  for  double  line  of  way,  the  permanent  way  being  very  heavy,  the 
rails  weighing  100  pounds  to  the  yard. 

The  altitude  of  the  tunnel  at  itfi  north  portal  is  3,639  feet,  and  at  its 
south  portal  3,757  feet  above  the  sea.  A  gallery  of  direction  was 
driven  throughout,  and  the  gradient  of  the  raib  is  only  such  as  to  pro- 
vide for  efficient  drainage,  viz.,  5,8:i  per  1,000,  or  about  1  in  172, 

The  following  table  may  be  of  interest,  giving  the  result  of  investi- 
gatiouH  as  to  the  cooling  of  the  rocks: 


Lowering. 

■'"" 

'sr 

t™,. 

• 

• 

;J3.39 

IS 

■i:i. 

Although  the  works  wen;  inirried  on  with  energy,  and  with  all  the 
best  appliances  then  known,  the  time  occupied  was  ton  years;  but  the 
most  seiiouH  feature  of  tlii^  work  wits  the  heavy  morbility  among  the 
men.  No  less  than  (IDO  deaths  occurred,  including  those  of  both  the 
engineer  and  contractor. 

Froui  the  experience  then  gained  great  improvements  have  been 
introduced  into  the  work.s  of  the  Simplon.  as  will  be  described  later 
on;  but  the  heavy  loss  of  life  in  the  St.  Gothard  was  due  to  insufficient 
ventilation,  the  high  temperatuiv,  the  exposure  of  the  men  to  the 
Alpine  climate  after  emerging  from  the  tunnel,  the  want  of  care  a.s  to 
the  changing  of  the  men's  wet  mining  clothes,  and  the  poor  ehanicter 
of  he  food  with  which  the  men  .supplied  themselves.  All  this  has 
been  greatly  amclionited,  and  even  in  English  tunnels  certain  improve- 
ments have  been  introduced  which  wci*e  brought  from  Switzerland. 

The  ti-affic  through  the  tuimel  has  so  largely  increased  that  the  ques- 
tion of  ventilation  became  of  i>ressing  impoi-'ance,  and  the  system  of 
Signor  Saccardo,  the  well-known  Govcrnmont  inspector  of  railways 
and  engineer  of  Bologna,  haj^  been  installed,  which  is  an  ingenious 
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application  of  the  injector  system.  One  of  the  tirst  introductions  of 
this  method  was  in  the  case  of  the  Praccbia  Tunnnl.  on  the  main  line 
between  Florence  and  Bologna,  through  the  Apennines.  This  is  a 
i-ailway  of  single  line,  and  was  built  many  years  ago  by  the  late  Mi\ 
BiTi-ssey.  There  are  52  tunnels  in  all,  but  those  on  the  eastern  side 
are  of  comparatively  little  importance.  On  the  western  slope  the 
gradient  nearly  throughout  is  25  per  1,000  (or  1  in  40),  a  d  it  is  here 
the  greatest  difficulty  exists.  There  are  several  tunnels  whose  lengths 
approximate  to  1,000,  2,000,  and  3,000  yards,  and  the  traffic  is  both 
heavy  and  frequent,  the  locomotives  very  powerful,  with  eight  wheels 
coupled. 

Under  any  conditions  of  wind  the  state  of  the  longest  tunnel  is  bad. 


but  when  the  wind  is  blowing  in  at  the  lower  end  at  the  same  time 
that  a  he^vy  goods  or  passenger  train  is  ascending  the  gradient  a  state 
of  affairs  is  pi-oduced  which  is  almost  insupportable,  and  one  might  as 
conveniently  travel  in  a  furnace  flue. 

A  heavy  ti'ain  of  dining  and  sleeping  carriages,  with  two  engines, 
conveying  one  of  the  crowned  beads  of  Europe  and  suite,  arrived  at  the 
exit  of  Pracchia  tunnel  with  both  enginemen  and  both  firemen  insen- 
sible; and  in  other  cases  passengers  have  been  seriously  affected. 

Owing  to  the  height  of  the  mountain,  no  shafts  are  available;  but 

Signor  Saceardo  places  a  ventilating  fan  near  the  mouth  of  the  tunnel 

and  blows  air  into  it  through  the  annular  space  which  exists  between 

the  arch  of  the  tunnel  and  the  gauge  of  maximum  construction.     (See 

8M1901 40  ,],- 
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fig.  a.)    The  resulUi  arc  rcinArkftble;  the  volumes  of  air  thrown  into 
the  tunnel  per  minute  being  as  follows: 

Cubic  feet. 

Direct  from  the  fan 161,fi60 

Induced  draft  through  opnn  tunnel  mouth 4fl,  140 

Totol 210,000 

or  100  cubic  meters  per  second. 

The  temperature  of  the  tunnel  air  before  the  fan  wa*)  started  wan 
107°  F,,  with  97  per  cent  of  moisture,  whereas  after  the  fan  had  been 
running  a  few  minutes  the  temperature  was  Sl'^  F.,  or  a  lowering  of 
26^^  F.,  and  the  tunnel  was  cool'ind  free  from  smoke  and  vapor. 

One  can  travel  through  with  both  windows  open  and  feel  no  incon- 
venience, the  only  remark  of  the  brakeman  riding  on  the  top  of  the 
wagons  and  carriages  being  that  he  finds  it  almost  too  cold. 

This  application  is  without  doubt  the  solution  of  the  difficult  prob- 
lem of  tunnel  ventilation  under  high  mountains  and  elsewhere  where 
shafts  are  not  available  and  where  electric  traction  is  not  applicable. 

This  system  has  within  tha  last  twelve  months  been  brought  into 
operation  on  the  St.  Gothard,  with  the  moat  satisfactory  results.  Care- 
ful experiments  are  being  made,  but  there  is  no  doubt  that  the  prob- 
lem has  been  solved. 

In  addition  to  these  tunnels,  the  Saccardo  system  has  been  applied 
to  the  Giovi  Tunnel,  near  Genoa — 3,300  meters  in  length — and  is  being 
installed  on  the  Giovo  Tunnel  on  the'  Genoa-Ronco  Railway,  .S,3<13 
metei-s  in  length,  besides  on  some  seven  other  tunnels  in  Italy,  and 
plans  are  being  prepared  for  the  Mont  Cenis. 

THE   SIMPLON   TUNNEL. 

This  tunnel  is  now  in  rapid  course  of  constiiiction,  the  total  length 
of  gallery  driven  up  to  end  of  April  being  as  follows: 

Yards. 

On  the  north,  or  Brigne,  side  of  the  Alps 3, 228 

On  the  south,  or  Iselle,  side  of  the  Alpe 2,360 

or  over  3  miles  in  little  more  than  eighteen  months,  including  the  aeccnnarily  Blow 
progress  at  the  commencement. 

The  total  distance  between  the  two  portals  will  be  21,564  yards,  or 
12.26  miles.  A  gallery  of  direction  has  been  driven  at  both  ends  until 
the  actual  tunnels  are  reached,  so  as  to  form  a  directly  straight  line 
for  the  accurate  alignment  of  the  work,  from  end  to  end. 

This  great  undertaking  will  consist  of  two  single-line  tunnels  run- 
ning parallel  one  to  the  other,  at  a  distance  apart  from  center  to  center 
of  55  feet  9  inches;  and  one  of  the  chief  features  is  the  much  lower  alti- 
tude of  the  rails  above  sea  level  than  any  of  the  other  Alpine  tunnels. 
This  altitude  is  at  iti*  highest  point  2,314  feet,  being  1.474  feet  lower 
level  than  that  of  the  St.  Gothard,  1,934  feet  lower  than  that  of  the 
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Mont  Cenis,  and  1,9S6  feet  lower  than  that  of  the  Arlbei^.  ThJH  in  a 
matter  of  great  importance  in  the  question  of  haulage  of  all  the  traffic. 

The  tunnel  enters  the  mountain  at  the  present  level  of  the  railway 
at  Brigue,  so  that  no  costly  approaches  are  requisite  on  this  side;  but 
on  the  Iselle  side,  the  connecting  line  with  the  exititing  railway  at 
Domo  d'Ossola  necessitates  heavy  work  with  one  helical  tunnel.  The 
gi-adient  on  the  northern  portion  of  the  tunnel  will  only  be  that  suffi- 
cient for  drainage,  viz,  1  in  500,  but  on  the  southern  portion  the 
gradient  will  be  7  per  1,000,  or  1  in  142. 

Admirable  arrangements  have  been  made  for  the  welfare  of  the 
men,  to  avoid  the  heavy  death  rate  which  occurred  on  the  St.  Gotbard, 
and  it  may  be  interesting  to  state  what  some  of  these  are.  For  every 
cubic  foot  of  air  sent  into  the  latter  tunnel,  fifty  times  as  much  will  be 
delivered  into  the  Simplon.  Special  arrangements  are  made  for  cool- 
ing the  air  by  means  of  fine  jets  of  water  and  spray. 

The  men  on  emerging  from  their  work,  wet  through  and  fatigued, 
are  not  allowed  to  go  from  the  warm  headings  into  the  cold  Alpine  air 
outside,  but  pass  into  a  large  building  which  is  suitably  warmed,  and 
where  they  change  their  mining  clothes  and  are  provided  with  hot 
and  cold  douche  baths.  They  put  on  warm  dry  clothes,  and  can 
obtain  excellent  food  at  a  moderate  cost,  before  returning  to  their 
homes.  Their  wet  and  dirty  mining  clothes  are  taken  charge  of  by 
appointed  custodians,  who  dry  and  clean  them  ready  for  the  morrow's 
work.  These  and  other  precautions  are  expected  to  reduce  the  death 
rate  to  a  very  great  extent. 

With  a  view  to  the  rapid  advancement  of  the  work,  the  late  M. 
Brandt,  whose  death  is  greatly  to  be  deplored,  devised  after  his  long 
experience  on  the  St.  Gothard  his  now  well-known  drill.  As  details 
of  this  have  been  published,  and  as  they  would  be  too  technical'for 
this  evening's  discourse,  it  will  only  be  necessary  to  refer  to  them 
briefly.  This  drill  is  nonpercussive,  nor  is  it  armed  with  diamond. 
It  is  a  rotary  drill  3  inches  in  diameter  with  a  pressure  on  the  cutting 
points  of  10  tons  moving  at  slow  speed,  but  capable  of  l>eing  acceler- 
ated at  pleasure,  and  of  being  rapidly  withdrawn.  It  is  armed  with  a 
steel  tool  with  3  cutters,  of  which  samples  are  on  the  table.  The  car- 
riage on  which  it  is  mounted  enables  it  to  work  in  any  direction.  The 
face  of  the  tunnel  is  attacked  by  10  to  12  holes  in  the  case  of  the 
hardest  rock,  those  in  the  center  being  3  feet  3  inches  in  depth,  while 
those  round  the  circumference  are  4  feet  7  inches.  The  drills  are 
driven  by  hydraulic  pressure  of  100  atmospheres,  or  1,470  pounds,  to 
the  inch,  and  the  cutter  having  a  three-quarter- inch  hole  along  its 
center,  all  the  waste  water  is  discharged  right  onto  the  cutting  edges, 
thus  keeping  them  cool  and  washing  out  the  debris. 

The  time  taken  for  each  portion  of  the  attack  in  the  hard  Antigorio 
gneiss  is  as  follows:  Bringing  up  and  adjustment  of  drills,  twenty 
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DiinuteK;  drilling,  one  and  th ree-f imrtha  to  two  and  nne-ha 
charging  and  tiring,  tifteen  minutes;  clearing  away  debris,  tv 
or  a  total  of  between  four  and  one-half  to  five  and  ooe-ha 
resulting  in  an  advance  of  3  feet  V  inches,  or  a  daily  ad 
nearly  19  feet  6  inches. 

The  progress  of  each  of  the  two  faccH  during  the  month  of 
has  averaged  17  feet  3i  inches  per  day,  and  is  a  remarkabi 
oration  of  the  speed  estimated  by  the  engineers  four  years  6 
estimate  was  as  follows: 
Duly  pro^n'esH  at  each  latx: 

Fi  rat  year 

Second  year 

Third  year 

Fourth  year 

Fifth  year 

The  work  is  now  in  itti  second  year,  so  that  the  estimate 
being  exceeded.  In  other  words,  the  tunnel  is  being  drive 
granite  at  a  higher  speed  than  is  attained  in  London  clay. 

Water  power  in  abundant,  and  the  waters  of  the  Rhon 
nessed  to  the  work,  whilst  those  of  the  Diveria  provide  th 
Iselle. 

Views  are  given  of  the  intake  from  the  Rhone,  the  cent 
duct,  the  metallic  conduit  pipes,  3  feet,  and  3  feet  ^  inches  ii 
which  carry  a  pressure  of  ^50  pounds  to  the  inch.  The  fur 
sary  increase  in  pressure  is  obtained  by  high-pressure  pui 
power  house. 

It  was  at  one  time  intended  to  sink  a  20-inch  bore  ho 
village  of  Berisal  to  the  tunnel,  a  depth  of  some  2,400  f 
pufpose  of  delivering  water  at  high  pressure  for  the  w« 
may  still  be  done,  but  the  meandering  of  the  tool  might  n 
awkward  dilemma  of  having  to  search  for  it,  in  Holid  i 
ground. 

Some  few  years  ago  a  rather  amusing  incident  occure<! 
tion  with  a  tunnel,  which  is  worth  recording,  A  certain  r 
pany  were  constructing  a  tunnel  beneath  and  nearly  at  rig 
an  existing  tunnel  of  one  of  the  large  English  railway  com 
the  legal  formalities  were  not  actually  completed,  the  eng 
requested  tostay  proceedings  until  all  wasinorder,and  the 
the  contractors  accordingly,  but  the  latter  were  anxious 
any  delay,  and  they  quietly  and  surreptitiously  continiK 
their  headingthrough,  Theengineer  of  the  existing  railw: 
this,  and  sank  a  bore  hole  on  the  center  line  of  the  new  w 
ing  his  tool  would,  at  the  correct  level,  drop  into  the  h 
depth  of  70  feet.  The  contractors  looked  for  a  .similar 
therefore  placed  a  sheet  of  steel  on  the  roof  of  their  drift 
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tool,  when  it  encountered  the  r<teel  plate,  would  isimply  gtind  away  on 
the  top. 

But,  to  the  mutual  surpri8e  of  both  the  engineer  of  the  existing 
company  and  of  the  contractors  for  the  new  work,  no  drill  was 
encountered,  although  it  had  gone  to  a  lower  depth  than  was  necessar}', 
some  !*0  feet.  The  engineer  thereupon  lowered,  in  a  foolhardy  man- 
ner, an  explosive  charge,  and  blew  in  the  side  of  the  heading,  the 
tool  having  meandered  several  feet  to  one  side.  Fortunately  no  one 
was  hurt,  but  the  engineer  was  still  in  ignorance  as  to  what  had  hap- 
pened. A  bright  idea  struck  him — namely,  to  lay  on  the  town  fire 
supply  of  water  down  the  hole  to  see  if  he  could  fill  it.  The  result 
was,  he  nearly  washed  the  men  away  in  the  headingl 

Alectric  tractum. — It  is  desirable  to  point  out  how  very  necessary 
it  may  be,  in  the  case  of  this  and  other  long  tunnels,  that  electric  trac- 
tion should  be  adopted.  Abundant  power  close  at  hand  already  exists; 
the  air  of  the  tunnel  would  not  be  vitiated — a  matter  of  great  Impor- 
tance where  briquette  fuel  is  used— aiid  the  rapidity  of  conducting  the 
traffic  would  be  improved. 

In  Baltimore  an  electric  locomotive  is  attached  to  the  through 
expresses,  which  take^  them  through,  steam  engine  and  all,  at  50  to  60 
miles  an  hour.  No  stoppage  of  the  express  is  required  at  the  farther 
end,  the  electrical  locomotive  running  ahead  into  a  siding;  and  some  of 
the  very  heaviest  freight  trains,  including  the  locomotive  and  tender 
(far  heavier  than  are  ever  seen  in  Urcat  Britain),  are  hauled  against  a 
gradient  of  1  in  138  at  15  miles  an  hour. 

In  fact,  in  England,  we  are  most  lamentably  backward  in  the 
employment  of  elc^ctricity.  and  unless  the  central  and  the  local  authori- 
ties can  be  aroused  from  their  lethargy,  and  from  their  opposition  to 
all  such  enterpnses,  England  will  continue  to  lag  in  the  rear  of  other 
nations,  instead  of,  as  in  past  years,  baching  them  a  more  perfect 
method. 

In  conclusion,  may  1  ask  for  the  sympathy,  nay  more,  for  a  silent 
prayer  on  behalf  of  our  tunnel  and  niilway  heroes,  when  we  are  pass- 
ing along  some  of  the  great  railway  works  of  the  country  or  of  the 
world. 

Need  I  refer  to  that  young  rcwidcnt  engineer  who,  when  a  length  of 
a  certain  tunnel  dunng  construction  through  quicksand  fell  in,  burying 
11  men,  volunteered  at  the  risk  of  his  life,  in  consequence  of  the  men 
being  panic-Ntricken,  to  go  down  the  shaft  and  rebuild  the  damaged 
work  with  his  own  hands  and  alone?  And  to  tht^t  ganger  who,  having 
held  back  for  a  time,  seeing  that  the  engineer  was  determined  to  do 
the  work,  jumped  into  the  bucket  with  some  strong  language  to  the 
effect  "'that  he  wouldn't  .-^ee  the  master  killed  alone,"  and  went  down, 
and  they  two  completed  tbc  next  length  before  the  men  would  return 
to  work. 
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There  are  heroes  on  our  railways  an  there  are  in  our  army  and  navy, 
and  they  deserve  better  recognition.  May  I  plead  on  behalf  of  our 
iDspectoi'8  and  superintendents  of  our  great  i-ailway  stations,  who  are 
in  many  cases  almost  worked  to  death,  and  yet  have  to  be  attentive 
and  courteous  to  all;  albeit,  except  in  certain  honorable  exceptions, 
they  are  unable  to  make  proper  provision  for  old  age?  And  should  it 
be  necessary  for  a  station  master,  after  six  years'  work  at  a  great  rail- 
way junction,  to  drop  into  his  grave  with  the  simple  epitaph  '^tired 
outi " 
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THE  MITTATION  THEORY  OF  PROFESSOR  DE  VRIES. 


By  Chables  A.  White, 


During  the  sixth  and  seventh  decades  of  the  century  just  closed  there 
occurred  so  great  a  change  in  methods  of  scientific  iJiought  and  prac- 
tice among  biologists  that  it  may  be  properly  designated  as  a  revolution. 
It  was  caused  mainly  by  the  writings  of  Charles  Darwin,  in  which  he 
promulgated  his  theory  of  the  evolutional  origin  of  species  by  natural 
selection.  No  theory  pertaining  («  natural  science  ever  called  forth 
more  bitter  and  uncompromising  controversy  among  both  ecientiste 
and  the  people  at  large,  and  none  was  ever  more  earnestly  advocated. 
Some  tiaturalist^  eagerly  accepted  it  for  all,  and  even  more  than,  the 
author  claimed  for  it;  but  some  of  the  older  and  ablest  of  those  students 
of  nature  were  then  willing  to  accept  it  only  as  a  working  hyppthesis. 
Although  it  has  necessarily  always  remained  purely  a  theory,  unsup- 
ported by  any  practical  demonstrations  or  experimental  observations, 
it  explained  so  many  things  pertaining  to  the  genesis  of  organic  forms 
as  natural  phenomena,  and  explained  them  so  much  better  than  had 
ever  been  done  before,  that  during  the  last  quarter  of  a  century  the 
Darwinian  theory  may  be  said  to  have  had  universal  acceptance.  Still, 
there  haa  not  been  wanting  from  time  to  time  the  expression  of  more 
or  less  plausible,  and  even  valid,  objections  to  portions  of  that  theory 
on  the  part  of  sincere  and  able  naturalists,  of  which  all  honest  invest!- 
gators  iiave  taken  due  cognizance. 

None  of  the  objections  referred  to,  however,  iiaa  hitherto  seemed  to 
materially  modify  the  prevailing  confidence  in  the  Darwinian  theory, 
which  confidence  has  doubtless  been  increased  by  the  powerful  influence 
which  that  theory  has  exerted  in  the  adoption  of  evolutional  methods  in 
the  study  of  all  branches  of  natural  as  well  as  of  social  science.  Still, 
a  revulsion  of  opinion  concerning  all  mere  theories  is  always  liable  to 
occur,  and  while  no  true  naturalist  will  ever  desire  the  least  diminution 
of  the  fame  of  Darwin,  and  none  will  ever  abandon  the  fundamental 
principles  of  evolution,  it  ie  not  improbable  that  the  now  prevailing 
estimation  of  his  theory  of  the  origin  of  species  by  natural  selection 
will  eventually  be  modified  in  some  important  respects.  In  the  course 
of  the  year  1901  there  was  published  in  the  German  langu^e  the  tirat 
volume,  in  separate  parts,  of  an  exhaustive  work"  which  is  evidently 

'Die  Mutationstheorie.  Versudid  und  Beobochtungen  uber  die  Entetehung  von 
Arten  im  Pflanzenreich.    Von  Hogo  de  Vrieo.    Leipiig,  1901. 


632  .     MUTATION   THEOEY   OK   PEOFE880R   DE   VBIE8. 

destiDed  to  make  a  strong  impreseioa  of  that  kind  upon  biologists 
because  of  its  eminently  scientific  presentation,  and  because  it  promul- 
gates a  theory  of  the  origin  of  species  by  mutation  that  is  in  material 
disagreement  with  the  Darwinian  theory  of  their  origin  by  natural 
selection.  The  work  is  to  consist  of  two  volumes,  the  second  of  which 
will  probably  not  be  fully  published  before  the  end  of  1902.  The 
mutation  theory  therein  enunciated,  however,  has  been  foreshadowed 
in  previous  lesser  publications  by  the  same  author,  it  is. so  fully  stated 
in  the  already  published  parts  of  the  present  work,  and  is  ho  remark- 
able in  its  character,  that  it  is  thought  proper  to  present  a  brief  state- 
ment of  its  leading  features  at  this  time. 

The  subject-matter  of  this  work  is  arranged  under  two  principal 
heads  for  the  two  volumes,  respectively,  namely,  "The  Origin  of 
Species  by  Mutation,"  and  "Elementary  Hybridity."  Necessarily, 
only  the  first  volume  cau  now  be  considered,  but  that  contains  the 
only  part  which  I  should  care  to  discuss  at  the  present  time,  even  if 
the  other  volume  were  now  published.  In  fact,  I  shall  discuss  only 
that  portion  of  Volume  I  which  contains  the  formal  exposition  of  the 
mutation  theory.  The  author  presents  his  subject  strongly  and  une- 
quivocally, but  with  evident  candor  and  sincerity  of  purpose  and  after 
long  and  patient  investigation.  Aa  I  wish  to  give  the  author's  views 
of  his  mutation  theory  as  far  as  possible  in  the  English  equivalent  of 
the  language  used  by  him,  the  following  quotations  are  selected  alter- 
nately and  translated  from  the  author's  preface,  introduction,  and  text, 
i-eapectively: 

"The  doctrine  of  the  origin  of  species  has  hitherto  been  a  conven- 
tional science.  It  is  generally  believed  that  this  important  occurrence 
ia  withdrawn  from  actual  observation,  or  at  least  from  experimental 
treatment.  This  conviction  is  founded  upon  the  prevailing  conception 
concerning  specific  chai-acters  and  upon  the  opinion  that  species  of 
plants  and  animals  are  al  ways  producea  from  one  another  by  extremely 
slow  degrees.  It  is  thought  that  these  metamorphoses  are  so  slow 
that  a  human  life  is  not  long  enough  to  witness  toe  production  of  a 
new  form.  The  purpose  of  Uie  present  work  is  to  show  the  opposite 
view — that  species  originate  by  sudden  starts,  and  that  each  one  of 
these  saltatory  occurrences  is,  as  good  observations  show,  a  true 
physiological  process;  that  all  such  suddenly  produced  forms  are  sepa- 
lated  from  one  another  by  at  least  as  sharp  and  numei'ous  characters 
as  are  most  of  the  so-called  minor  species,  and  as  arc  many  of  the 
nearly  related  forms  of  the  best  systematists.  It  is  thus  mode  pos- 
sible to  [earn  by  means  of  actual  owiervation,  cultivation,  and  experi- 
ment the  laws  which  govern  the  production  of  new  species.  These 
laws  are  evidently  as  applicable  to  animals  as  to  plants.  As  a  botan- 
ist, I  have  confined  myself  to  the  latter,  but  in  the  confident  hope  that 
my  results  will  later  be  also  employed  in  the  study  of  animals. 

"The  whole  subject  of  variability  falls  under  two  heads — variability 
in  the  narrow  sense  and  mrtation.  The  first  is  variously  designated 
as  common,  individual,  and  fluctuating,  or  gradual  VBriability. 
Mutation  forms  a  special  division  of  the  methods  of  variation.     It  does 
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not  occur  flowingly,  but  in  Nteps,  without  transition,  and  it  occurs  Lesn 
frequently  than  do  the  common  variations,  which  are  continuously  and 
con;4tantly  at  hand.  The  contrast  between  the  two  kinds  at  once 
appears  if  one  considers  the  proposition  that  the  attributes  of  organ- 
isms are  built  up  of  fixed  and  sharply  defined  units.  These  units  com- 
bine in  groups,  and  in  the  kindred  of  species  the  same  unib^  and 
groups  are  repi'oduced.  The  origination  of  a  new  unit  signifies  a 
mutation.  Every  addition  of  a  unit  to  a  group  constitutes  a  step, 
originates  a  new  group,  and  separates  the  new  form  sharply  and  fully 
as  an  individual  species  from  the  one  out  of  which  it  has  be«n  pro- 
duced. The  new  species  is  at  once  such,  and  originates  from  the 
former  species  without  apparent  preparation  and  without  gradation. 
Each  attribute,  of  course,  arises  from  one  previously  present,  not  by 
their  normal  variation,  but  by  one  small  3'et  sudden  change.  Pro- 
vinonally,  one  may  compare  these  changes,  but  only  in  the  simplest 
manner,  with  chemical  substitution. 

"In  tiie  first  section  of  this  book  the  mutation  theory  is  contrast«d 
with  the  selection  theory.  The  latter  assumes  the  common  variability 
to  be  the  starting  point  of  the  origin  of  a  new  species,  but  according 
to  the  mutation  tneory  the  two  processes  are  quite  independent  of  each 
other.  Common  variability,  as  I  hope  to  show,  does  not  lead,  by  even 
the  sharpest  persistent  selection,  to  any  real  ti-ansgression  cf  the  limits 
of  species,  much  less  to  the  origin  of  new  and  constant  attributes." 

It  is  in  the  first  section  of  Volume  I  that  the  author  dts(^usses  at 
length  selection  and  mutation,  mutability  and  variability,  all  the  vari- 
ouM  theories  of  evolution  that  have  been  proposed,  the  effects  of  cli- 
mate and  of  horticultural  breeding,  the  limitations  and  characteristics 
of  species  and  varieties,  and  other  pertinent  subjects.  He  concludes 
that  section  of  the  volume  with  the  following  summary  concerning  the 
nature  of  his  theory; 

"  (1)  The  doctrine  of  morphological  and  historical  descent  deals  with 
the  origin  of  the  Linnean,  or  collective  species,  the  genera,  families, 
and  higher  groups.  The  do<;:trine  of  experimental  descent  deal.i  with 
the  oi'igin  of  elementary  species,  or,  more  strictly  speaking,  with  the 
origin  of  specific  character.^. 

"(2)  'The  true  danger  reef  of  the  Darwinian  theory  is  the  transition 
from  alt ificial  breeding  selection  to  natural  selection.'  (Paul  Janet.) 
This  reef  can  only  be  avoided  when  one  recognizes  the  improvementof 
races  and  the  origination  of  new  forms  as  two  entireU"  different  occur- 
rences, only  apparently  passing  into  each  other,  tor  Darwin,  they 
stand  side  by  side,  the  one  in  no  way  excluding  the  other,  although,  as 
a  rule,  he  has  not  sharply  differentiated  them. 

■'  (3)  'No  two  individuals  of  any  planting  are  entirely  alike.'  This 
well-known  proposition  is  to  be  confined  to  the  provinc'e  of  real  fluctu- 
ating variabitit}'.  It  stands  in  no  relation  to  the  doctrine  of  descent, 
if  one  ncceptu  the  mutation  theory. 

"(4)  'Species  have  originated  l>y  natural  selection  in  the  struggle 
for  existence.'  liut  this  statement  needs  explanation.  The  struggle 
for  existence — that  is,  competition  for  existenc« — embraces  two  entirely 
different  points.  Whenever  the  contest  occurs  between  individuals  of 
one  and  the  same  elementary  sju'cies,  it  also  occurs  between  the  differ- 
ent species  OS   such.     The  first-mentioned   contest  pertains   to  the 

si'-- 
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doctriae  of  variahilily,  the  second  to  that  of  mutation.  In  the  dnrt- 
Dicntioned  case  those  individuals  tturvivc  which  find  their  life  condi- 
tions inoHt  favorable,  and  they  are  therefore  generally-  the  most 
vigorous.  Bv  this  process  local  races  originate,  and  by  ft  acclimati- 
zation is  made  possible.  If  the  new  life  conditions  cease,  then  the 
adapted  races  revert  to  the  original  type. 

'*  Natural  selection  in  the  struggle  for  existence  between  the  newly 
originated  elementary  species  is  quite  different.  These  originate  sua- 
deuly,  unmediated,  and  multiply  themselves  if  nothing  stands  in  tbe 
way,  bei^use  they  are  for  the  roost  part  completely,  or  in  a  high 
degree,  heritable.  If,  then,  the  increase  leads  to  a  struggle  for  exist- 
ence, the  weaker  succumb  and  are  rooted  out.  According  as  the  older 
or  the  younger  form  happens  to  be  the  better  suited  for  the  life  condi- 
tions will  one  or  tbe  otner  survive.  By  this  struggle  for  existence 
species  are  no  more  likely  to  originate  than  they  are  by  the  struggle 
between  the  variants  of  one  and  the  same  type,  but  evidently  from 
quite  a  diflferent  cause.  To  be  able  to  come  into  competition  with 
one  another,  species  must  exist.  The  contest  decides  wnich  of  them 
shall  survive  and  which  shall  perish.  These  ^species  selections,'  in 
the  course  of  theirevolution,  have,  without  doubt,  rooted  out  immense 
numbers  and  retained  only  a  small  proportion.  Briefly  stated,  I 
assert,  of  course  on  the  ground  of  the  mutation  theory,  that  by  the 
struggle  for  existence  and  by  natural  selection  species  do  not  origi- 
nate, nut  perish. 

**  (5)  Herbert  Spencer's  well-known  expression,  *  the  survival  of  the 
fittest,'  is  of  course  divisible  into  two  propositions:  Tbe  survival  of 
the  fittest  individuals  within  the  constant  species,  or  the  formation  of 
local  races,  and  the  survival  of  the  fittest  species  as  the  foiuidation 
of  the  doctrine  of  descent.  The  two  propositions  are  independent  of 
each  other  and  belong  to  different  categories. 

"(tt)  According  to  the  mutation  theory,  species  have  not  originated 
by  gradual  selection,  continued  through  hundreds  or  thousands  of 
yeai-s,  but  by  sudden  steps,  even  if  the  changes  are  very  small.  Unlike 
the  variations,  which  are  progressive  ctianges  in  a  direct  line,  those 
metamorphoses  which  are  designated  as  mutation  branch  off  in  new 
directions.  Furthermore,  so  ftir  as  experience  goes,  they  occur  at 
random — that  is,  in  the  most  diverse  directions.  They  appear  only 
from  time  to  time,  and  then  probably  under  the  operation  or  determi- 
nate causes. " 

It  should  Ih!  borne  in  mind  that  throughout  this  work  the  author 
always  restricts  the  term  "  mutation  "  to  the  designation  of  sudden  phy- 
logenetic  changes,  which  he  distingubbes  sharply  from  all  forms  of 
mere  variation,  however  pronounced  they  may  be,  and  also  that  in  the 
following  remarks  I  also  use  that  term  in  tlie  same  restricted  sense. 
The  horticultural  forms  of  variation  are  especially  discussed  in  the 
closing  section  of  Volume  I. 

The  second  section  of  Volume  I  is  entitled  "The  origination  of 
elementary  species  in  the  genus  Oenothera,"  and  constitutes  its  lat^r 
part.  It  consists  of  an  elaborate  statement,  with  numerous  illustra- 
tions, of  the  authors  experimental  studies  of  the  subject  of  mutation 
which  he  instituted  in  a  systematic  manner  in  18!56,  and  which  he  has 
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pursued  uninterruptedly  ever  »ince.  It  appoars  that  hi»  tii'st  Hiid 
gliding  propoiiition  in  connection  with  his  experimental  work  was 
that,  in  the  different  periods  of  tiieir  chronolo^cal  life  history,  all 
plants  vary  greatly  in  the  ratio  of  tlieir  mutability;  that  is,  all  species 
and  genera,  while  they  are  always  subject  to  the  full  range  of  Huctuat- 
ing  variability,  exist  at  times  in  a  mutable  and  at  tiraes  in  an  immuta- 
lile  condition,  the  latter  condition  being  much  the  more  prevalent 
Indeed,  so  prevalent  is  the  imamtable  condition  among  plants  that  only 
a  small  proportion  of  the  species  embraced  in  the  flora  of  any  given 
region  may  be  found  existing  in  their  mutable  period.  Furthermore, 
it  was  to  be  expected  that  some  plants,  even  when  in  the  fullness  of 
their  mutable  period,  would  exhibit  their  mutability  more  readily  than 
others.  The  germ  of  this  theory  is  contained  in  the  author's  little 
book  on  intracellular  pangenesis,*  written  just  before  he  began  his 
experiments,  wherein  he  gives  the  reasons  which  led  him  to  believe 
in  mutability.  His  experimental  studies  here  referred  to  were  under- 
taken for  the  purpose  of  discovering  mutating  plants  and  of  demon- 
strating his  tlieory  upon  them. 

Professor  de  Vries's  first  effort  was  therefore  toward  the  selection 
of  suitable  plants  for  his  experimental  studies  from  the  flora,  both 
native  and  introduced,  which  he  found  growing  in  the  northern  part 
of  Holland.  For  that  purpose  he  placed  under  special  cultivation  in 
experimental  gardens  at  Amsterdam  more  than  one  hundred  species  of 
plants,  and  prosecuted  his  preliminary  experiments  upon  them.  This 
special  cultivation  was  not  for  the  purpose  of  producing  horticultural 
variation  in  those  plants,  but  for  the  purpose  of  protecting  and  aiding 
■•Jiich  of  them  as  should  prove  to  be  in  their  mutative  period. 

At  the  siime  time  he  also  made  numerous  observations  upon  many 
other  plants  in  their  natural  habitat,  with  the  same  object  in  view. 
The  result  of  these  preliminary  experiments  was  that  the  so-called 
Evening  Primroses  were  found  to  respond  more  readily  to  mutative 
influences  than  would  any  of  the  othei'  species  that  came  under  his 
observation.  These  are  American  species  of  plants,  of  the  genus 
(Enothera,  that  had  been  introduced  into  Holland,  where  they  thrived 
like  native  plants,  both  under  cultivation  and  in  a  wild  state.  About 
the  year  1875  one  of  them,  O.  Lamarcklana,  l»egan  a  most  vigorous 
nmltiplication  and  dispersion,  especially  from  a  center  near  the  town 
of  Hilversum.  This  unusual  exhibition  of  generative  and  dispersive 
force  was  apparently  correlated  with  the  nmtativc  impulse,  for  tbera 
soon  appeared  among  those  plants  two  distinct  species  of  (Enothera 
that  were  before  unknown,  although  the  flora  of  that  and  other  r^ions 
had  long  passed  under  the  severe  scrutiny  of  Professor  de  Vries  and 
other  able  botanists.  The  inference  seemed  to  be  legitimate  that  those 
plants  were  then  in  the  full  vigor  of  their  mutative  period,  and  that  the 

■See  Intracellalare  PBQgenesiii;  pp.  213.    von  Hugo  de  Vriee.    Jena,  1888. 
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two  i^pecit-Mi  referred  to  originated  from  them  then  and  there  by  spon* 
taDcoUK  mutation.  The  latter  inforence  accords  with  the  autbor^s 
proposition,  that  in  their  wild  condition  mutating  plants  produce  many 
new  speciejj;  that  most  of  these  perish  in  the  struggle  for  existence,  and 
that  artificial  cultivation  protects  all  the  new  fonns  from  destruction, 
but  is  not  of  itself  the  cause  of  the  origination  of  any. 

It  seems  to  have  been  this  exhibition  of  mutative  vigor  in  the  Even 
ing  Primroses  that  led  its  distinguished  oltserver  to  adopt  those  plants 
as  the  chief  subjects  of  his  experimental  studies,  and  it  is  for  this 
reason  that  so  large  a  part  of  his  hook  is  devoted  to  the  exbaustii'e 
exploitation  of  plants  belonging  to  the  genus  (Enothera.  The  resulb; 
plainly  show  the  wisdom  of  that  choice,  for  by  careful  protection  and  the 
aid  of  artificial  pollination  he  succeeded  in  obtaining  from  them  a  con- 
siderable number  of  new  species,  which  are  as  well  defined  in  all  their 
attributes  as  are  any  of  the  other  species  of  that  genus.  Moreover,  he 
continued  from  year  to  year  his  experiments  with  tbe  new  species  thus 
produced,  as  well  as  with  the  original  forms,  and  he  asserts  without 
hesitation  that  in  all  their  attributes  the  new  forms  are  not  only 
sharply  defined  but  that  those  attributes  are  entirely  constant  from 
and  after  the  moment  of  their  origin;  and,  furthermore,  that  all  those 
attributes  are  as  heritable  as  are  those  of  any  of  the  other  species. 
He  practiced  both  inter  and  intra  specific  artificial  pollination,  but, 
although  he  obtained  the  reproduction  of  Mome  of  the  new  forms  under 
the  former  method,  the  origination  of  species  de  novo  under  his  experi- 
ments seems  to  have  been  wholly  by  aid  of  the  latter  method;  that  is, 
hi.«  experiments  .'leem  to  prove  that  cross  fertilization  is  not  only  not 
necessary  to  mutation,  but  that  mutation  is  not  materially  accelerated 
by  it  Jt  is  well  known  that  some  authors  claim  that  thousands  of 
species  of  living  plants  have  originated  by  hybridization.  The 
second  volume  will  treat  fully  of  that  subject  and  of  its  relation  to  true 
mutation. 

The  author  supports  all  his  statements  with  the  most  minute  account 
of  his  experiments,  the  results  of  which  be  also  discus-ies  fully.  These 
facts  and  discussions  are  of  such  a  chanu-^ter  that  it  seems  difficult  to 
see  how  one  can  avoid  accepting  his  conclusions  without  denying  his 
facts.  Indeed,  it  may  lie  frankly  stated  that  should  one  accept  his 
conclusions  the  author  will  be  thereby  recognized  as  not  only  the  pro- 
pounder  of  a  new  and  important  biological  theory,  but  the  discoverer 
of  new  and  vital  facts  and  principles  i-elating  to  the  origination  and 
pei^x'tuation  of  organic  forms.  Furthermore,  by  accepting  that  theory 
and  admitting  the  facts  upon  which  it  is  based,  one  mu.st  necessarily 
regard  the  question  of  the  origin  of  species  as  thereby  removed  from 
the  purely  theoretical  to  the  concrete;  that  is.  from  an  undemonstrable 
hypothesis  to  a  series  of  concrete  propositions  and  practical  demon- 
strations.    These  are  strong  static tncnts,  but  they  indicate  what  one 


MtTTATION   THEORY   OF   PROKKSSOB   DE   VRIES.  637 

must  be  prepared  to  admit  who  accepts  the  proposed  mutation  theory. 
I  may  add  that  for  reasons  which  I  will  stat«  further  on  1  am  much 
inclined  to  view  this  theory  with  favor,  but  the  affirmative  manner  in 
which  I  present  this  sketch  of  it  may  be  regarded  as  indicating  my 
purpose  to  discuss  the  subject  from  the  author's  standpoint. 

This  theory  does  not  require  that  one  should  go  back  to  the  view 
held  by  devout  naturalists  before  Darwin's  time,  that  species  are  cate- 
gories of  creative  thought  in  the  Divine  mind,  but  it  does  require  that 
one  shall  regard  species  as  having  a  more  real  entity  than  he  has  been 
accustomed  to  conceive  of  in  connection  with  the  theory  of  natural 
selection.  Professor  de  Vries  expressly  claims  that  mutation,  although 
suddenly  accomplished,  is  strictly  a  ph3'siological  process,  coincident 
in  its  incipient  manifestation  with  the  function  of  i-eproduction.  It  is 
therefore  plain  that  iris  theory  does  not  in  any  way  oppose  the  funda- 
mental fact  of  evolution,  but  offers  a  new  theoretical  explanation  of 
the  method  of  iti  accomplishment. 

Considering  the  completeness  and  success  of  the  experimental  studies 
made  by  Professor  de  Vries  with  (Erwlhera,  one  natui-aily  infers  that 
other  plants  also  now  exist  in  the  fullness  of  their  mutative  period, 
and  that  these  would  yield  similar  results  under  similar  treatment. 
Perhaps,  also,  certain  species  which  are  immutable  in  some  regions 
will  be  found  to  be  mutable  in  others.  Indeed,  results  that  evidently 
belong  in  the  same  category  with  those  obtained  by  Professor  de  Vries 
have,  from  time  to  time,  been  obtained  by  natui-alists  and  borticultur- 
isLs  from  various  plants,  but  those  cases  have  not  hitherto  received  the 
interpretation  that  will  be  given  to  them  by  the  mutation  theory, 
although  they  were  known  to  be  incompatible  with  the  theory  of  nat- 
ural selection.  I  have  lately  recoi-defl  a  case  of  this  kind,'  and  several 
others  have  more  or  less  fully  engaged  my  personal  attention. 

Professor  de  Vries  is  confident  that  his  theory  is  as  applicable  to 
animals  as  to  plants,  and  that  conclusion  is  plainly  a  logical  one;  but 
he  makes  no  suggestion  as  to  methods  of  experimental  studies  of  that 
kind,  and  I  can  make  none.  I  have,  however,  in  my  paleontological 
studies,  been  often  confronted  with  facts  with  relation  to  both  animal 
and  vegetAble  fossil  forms  that  seem  to  be  quite  inconsistent  with  the 
theory  of  their  origin  by  the  slow  process  of  natural  selection,  Dem- 
OLstrations  of  the  truth  of  the  mutation  theory  must,  of  course,  always 
lie  made  with  living  organisms,  but  as  much  of  its  support  mustdoubt- 
les-s  come  from  apriori  I'easonlng,  especially  with  reference  to  extinct 
organic  forms,  I  will  close  by  mentioning  a  few  of  the  many  paleonto- 
logical facts  referred  to.  These  seem  to  relate  with  peculiar  force  to 
the  primary  proposition  of  the  mutation  theory,  that  all  species  have 
originated  from  one  another  suddenly,  and  not  by  slow  degrees;  and, 
also,  to  two  of  its  secondary  propositions.     The  fii-st  of  these  two  is. 


■See  "Mcience,"  Vol.  XVI,  n.  8.,  Nov.  29,  laOl,  pp.  841-844. 
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that  the  mutation  theory  is  &s  applicable  to  animalK  as  to  plante,  and 
the  second,  that  the  i-aCio  of  the  mutability  of  species  and,  bj  implica- 
tion, also,  of  the  higher  groups,  varies  in  the  course  of  their  chrooo 
logical  life  history,  it  is  necessary  to  mention  here  that  act^ording  to 
the  mutation  theory  each  newly  originated  species,  while  possessing 
distinctly  separate  attributes,  is  never  very  widely  different  from  the 
parent  fomi.  Wide  differences  result  from  the  extinction  of  inter- 
vening species  and  repeated  mutations;  and  because  newly  mutated 
species  may  themselves  he  immediately  mutative,  wide  differences  may 
occur  in  a  comparatively  ^4ho^t  time.  This  view  of  the  subject  has  an 
important  bearing  upon  the  following  remarks. 

The  earliest  known  fossil  faunas,  those  of  the  Cambrian  a^, 
embrace  remains  representing  live  of  the  six  animal  subkingdoms. 
namely,  the  Protozoa,  Ofilenterata,  Annuloida,  Annulosa,  and  Mol-  ■ 
lusca.  Furthermore,  these  fossil  remains  indicate  a  high  degi-ee  of 
faunal  development,  and  proportionately  wide  differentiation  in  each 
of  those  subkingdoms.  That  is,  fossil  remains  of  well-developed 
faunas  pertaining  to  all  the  animal  subkingdoms,  except  the  Vertebrata, 
are  found  in  the  earliest  known  fossil  if  emus  strata  of  the  earth;  and 
the  occurrence  of  remains  pei'taining  to  those  five  subkingdoms  in  all 
subsequent  subdivisions  of  the  geological  scale  shows  that  their 
genetic  lines  have  come  down  without  a  break  to  the  present  day. 
We  know  absolutely  nothing  of  any  earlier  life  than  that  represented 
by  those  Cambrian  forms;  and  we  must  assume  their  sudden,  or  at  least 
rapid,  origination,  or,  by  applying  the  theory  of  natural  selection, 
construct  an  evolutional  parallax  that,  by  its  inconsiderable  angle,  will 
carry  back  the  origin  of  life  upon  the  earth  to  a  chronological  point 
inconceivably  remote.  It  therefore  seems  unreasonable  to  apply  the 
theory  of  natural  selection  to  this  case. 

The  wonderful  flora  of  the  Carboniferous  age  stands  out  prominent 
and  unique  from  all  the  other  known  floras  of  the  earth,  and  3'et  we 
know  little  or  nothing  of  its  ancestry  or  of  its  genetic  succession.  Its 
introduction  and  extinction  were  apparently  too  sudden  and  complete 
to  be  satisfactorily  explained  by  the  theory  of  natural  selection. 

The  earliest  known  remains  of  the  great  subclass  of  dinosaurian 
reptiles  are  found  in  the  earlier  Mesozoic  strata,  and  the  latest  known 
representatives  of  that  subclass  barely  survived  the  close  of  Mesozoic 
time.  Those  earliest  dinosaurs  existed  in  multitudes,  and  suddenly 
became  the  ruling  animals  of  the  earth.  A  large  proportion  of  them 
were  of  titanic  size,  and  the  grade  of  their  organization  was  of  the  high- 
est of  their  class.  They  were  differentiated  into  flesh  eaters  and  plant 
eaters  and  into  denizens  of  land  and  water  respectively.  We  know 
absolutely  nothing  of  their  genetic  origin;  but  their  introduction  upon 
the  earth  was  evidently  so  sudden  and  their  differentiation  so  great 
and  various  that  the  theory  of  natural  selection  is  plainly  insufficient 
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to  explain  it.  Furthermore,  one  can  by  no  means  feel  confident  that 
the  utter  extinction  of  that  great  subclass  was  due  to  what  ha»  come 
to  be  dCiSignRted  as  the  struggle  for  existence,  because  before  that 
occurrence  it  had  long  ruled  the  animal  life  of  the  earth  and  was 
apparently  able  to  maintain  its  supremacy  both  upon  land  and  water. 

In  the  earlier  Mesozoic  strata  remains  of  fresh-water  molluscan 
faunas  are  found  that  contain  distinctly  modern  types.  Among  them 
are  species  of  the  true  genus  Unio,  which  is  one  of  the  most  widely 
dispersed  and  characteristic  fresh-water  genera  now  living,  and  remains 
of  species  belonging  to  it  are  found  in  other  fresh-water  deposits  of 
both  Mesozoic  and  Tertiary  age.  That  genus  has  therefore  existed  con- 
tinuously and  unchanged  during  all  that  stretch  of  geological  time  in 
which  all  the  mammals,  all  the  birds,  all  the  teleost  fishes,  and  all  the 
exogenous  plants  of  the  earth  were  introduced  and  in  which  the  dino- 
saurs culminated  and  became  extinct.  Those  earliest  known  speci- 
mens of  the  genus  Utiio  are  fully  characteristic,  but  we  know  nothing 
whatever  of  their  origination  or  of  any  earlier  related  forms.  It  seems 
impossible  to  assume  that  this  genus  was  not  suddenly  produced,  and 
it  seems  equally  evident  that  upon  its  introduction  it  passed  at  once 
into  its  immutable  state,  which  has  continued  until  now,  at  least  in  a 
main  line. 

The  case  seems  to  have  been  very  different  with  other  forms  of  ani- 
mal life  that  are  now  extinct,  eapeciftUy  with  the  placental  mammals. 
These  apparently  had  no  existence  before  the  beginning  of  Tertiary 
time,  but  they  then  suddenly  appeared  and  assumed  faunal  dominion- 
of  the  earth  in  forms  nearly  or  quite  as  highly  organized  and  diverse  as 
are  those  which  now  exist;  but  every  one  of  those  earlier  mammalian 
forms,  with  many  others  of  later  origin,  are  now  extinct.  The  muta- 
tive period  of  each  of  those  forms  was  probably  coeval  with  at  least  the 
greater  part  of  its  faunal  existence,  and  it  seems  necessary  to  assume 
that  the  origination  of  all  of  them  was  of  a  rapid,  if  not  saltatory  char- 
acter. The  case  of  these  manmiala,  on  the  one  band,  and  that  of  the 
fresh-water  mollusca  that  have  been  mentioned,  on  the  other,  may  be 
taken  aa  extreme  examples  of  the  difference  in  the  chronological  ratio 
of  phylogenetic  mutation  among  organic  forms  that  existed  in  geolog 
ical  time. 

Not  only  the  placental  mammals,  but  the  birds  of  modem  types,  the 
teleost  fishes,  and  the  exogenous  plants,  were  also  introduced  with  an 
apparent  suddenness  that  is  inconsistent  with  the  theory  of  natural 
selection.  It  is  true  that  the  foreshortened  view  which  we  necessarily 
get  by  looking  back  into  geological  time  may  make  the  periods  in 
which  those  evolutional  changes  took  place  appear  shorter  than  they 
really  were,  but  a  different  view  would  not  change  the  proportional 
elements  of  the  problem. 

One  of  the  strongest  arguments  that  have  been  used  in  support  of 
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the  aiS8univ<I  oxtrsiiw  antiijuHy  of  the  htibittihlc  condition  of  the  earth 
ha:i  hf'eii  drawn  from  the  theory  of  the  origination  of  organic  forms 
by  the  slow  proa-ss  of  natural  selection.  Indeed  such  extreme  antiq- 
uity ha»  been  auHumed  exprfssly  to  meet  the  demands  of  that  theory. 
A  general  ot-eeptanfc  of  the  mutation  theory  will  remove  that  question 
from  Huch  diwussions,  and  geologii-al  Hcience  would  probably  not  suffer 
by  the  toss. 

The  great  master,  Darwin,  in  one  of  hia  aphorismic  utteranueu,  :«yti 
that  in  "flcientitic  investigations  it  is  permitted  to  invent  any  hypoth- 
esis, and  if  it  explains  various  large  and  independent  classes  of  fact^ 
it  n.-ses  to  the  rank  of  a  well-grounded  theory."  One  can  not  doubt 
that  if  he  were  now  living  he  would  be  among  the  first  to  give  the 
mutation  theory  respectful  consideration. 

Whatever  the  final  verdict  of  biologists  may  be  concerning  the  theory 
that  Professor  de  Vries  has  .so  elaborately  proposed,  the  subject  is  so 
important  and  the  presentation  is  so  carefully  made  that  no  student  of 
any  branch  of  biology  can  afford  to  ignore  it. 
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THE  DINOSAURS  OR  TERRIBLE  LIZARDS." 


By  F.  A.  Lucas. 


"  Bh&pee  of  all  scrta  and  sizes,  great  and  emalL" 

A  few  million  years  ago,  geologists  and  physiciste  do  not  agree 
upon  the  sxact  number,  although  both  agree  upon  the  millions,  when 
the  Rocky  Mountains  were  not  yet  born  and  the  now  bare  and  arid 
Western  plains  a  land  of  lakes,  rivei's,  and  luxuriant  vegetation,  the 
region  was  inhabited  by  a  i-ace  of  strange  and  mighty  reptiles  upon 
whom  science  has  bestowed  the  appropriate  ndme  of  Dinosaurs,  or 
terrible  lizards. 

Our  acquaintance  with  the  Dinosaurs  is  comparatively  recent,  dating 
from  the  early  part  of  the  nineteenth  century,  and  in  America,  at 
least,  the  date  may  be  set  at  1818,  when  the  first  Dinosaur  retnains 
were  found  in  the  valley  of  the  Connecticut,  although  thej-  naturally 
were  not  rec<^nized  as  such,  nor  had  the  term  been  devised.  The 
tirst  Dinosaur  to  be  formally  recognized  as  representing  quite  a  new 
order  of  reptiles  was  the  carnivorous  Megalosaur,  found  near  Oxford, 
England,  in  1824. 

For  a  long  time  our  knowledge  of  Dinosaurs  was  vei-y  imperfect 
and  literally  fragmentary,  depending  mostly  upon  s(^atte^ed  teeth, 
isolated  vertebrffi,  or  fragments  of  bone  picked  up  on  the  surface  or 
casually  encountered  in  some  mine  or  quarry.  Now,  however,  thankis 
mainly  to  the  labors  of  American  paleontologists,  thanks  also  to  the 
rich  deposits  of  fossils  in  our  Western  States,  we  have  an  extensive 
knowledge  of  the  Dinosaurs,  of  their  size,  structure,  habits,  and  gen- 
eral appearance. 

There  are  to-day  no  animals  living  that  arc  closely  i-elated  to  them; 
none  have  lived  for  a  long  period  of  time,  for  the  Dinosaurs  came  to 
an  en<l  in  the  Cretac-eous,  and  it  can  only  be  said  that  the  crocodiles. 
on  the  one  hand,  and  the  ostriches,  on  the  other,  are  the  nearest  exist- 
ing relatives  of  these  great  reptiles. 

For,  though  so  different  in  outwai'd  appeai-ance,  birds  and  reptiles 
are  structurally  quite  closely  allied,  and  the  creeping  snake  and  the 
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bird  on  which  it  preys  are  relatives,  although  any  intimate  relation- 
ship between  them  is  of  the  serpent's  making,  and  is  strongly  objected 
to  by  thp  bird. 

But  if  we  compare  the  skeleton  of  a  Dinosaur  with  that  of  an 
ostrich— a  young  one  is  preferable — and  with  those  of  the  earlier  bird**, 
we  shall  find  that  many  of  the  barriers  now  existing  between  reptile^t 
and  birds  are  broken  down,  arid  that  they  have  many  points  in  com- 
mon. In  fact,  save  in  the  nmtterof  clothes,  wherein  birds  differ  from 
all  other  animals,  the  two  great  groups  are  not  so  very  far  apart. 

The  Dinosaurs  were  by  no  means  confined  to  North  America, 
although  the  western  United  States  seem  to  have  been  their  head- 
quarters, but  ranged  pretty  much  over  the  world,  for  their  remains 
have  been  found  in  every  continent,  even  in  far-off  New  Zealand. 

In  point  of  time  they  ranged  from  the  Trias  to  the  Upper  Cretace- 
ous, their  golden  ^e,  marking  the  culminating  point  of  reptilian  life, 
being  in  the  Jurassic,  when  huge  forms  stalked  by  the  seashore, 
browsed  amid  the  swamps,  or  disported  themselves  along  the  reedy 
margins  of  lakes  and  rivers. 

They  had  their  day,  a  day  of  many  thousand  years,  and  then  passed 
away,  giving  place  to  the  superior  i-ace  of  mammals  which  was  just 
springing  into  being  when  the  huge  Dinosaurs  were  in  the  heyday  of 
their  existence. 

And  it  doe.4  seem  as  if  in  the  dim  and  distant  past,  as  in  the  present, 
brains  were  a  potent  factor  in  the  struggle  for  supremacy;  for,  though 
these  reptiles  were  giants  in  size,  dominating  the  earth  through  mere 
brute  force,  they  were  dwarfs  in  intellect. 

The  smallest  human  brain  that  is  thought  to  be  i-ompatible  with  life 
iteelf  weighs  a  little  over  10  ounces,  tlie  smallest  that  can  exist  with 
reasoning  powers  is  2  pounds:  this  in  a  creature  weighing  from  120 
to  150  pounds. 

What  do  we  find  among  Dinosaurs?  Thespcsius,  or  Olaosaurus, 
which  may  have  walked  where  Baltimore  now  stands,  was  25  feet  in 
length  and  stood  a  dozen  feet  high  in  his  hare  feet,  had  a  brain  smaller 
than  a  man's  clenchwl  fist,  weighing  less  than  1  pound. 

Brontosaurus,  in  some  respects  the  biggest  brute  that  ever  walked, 
waa  but  little  better  off.  and  Tricoratops  and  his  i-elatives,  creatures 
having  twice  the;  bulk  of  an  elephant,  weighing  probably  over  10  tons, 
possessed  a  brain  weighing  not  over  2  pounds. 

How  much  of  what  we  terra  intelligence  could  such  a  creature 
possess — what  wa.s  the  extent  of  its  reasoning  jxtwers  (  Judging  from 
our  own  .«tandpoint  and  the  small  amount  of  intellect  apparent  in  some 
humans  with  much  larger  brains,  these  big  reptiles  must  have  known 
jUst  about  enough  to  have  eaten  when  they  were  hungry;  anything 
■  more  was  superfluous. 

However,  intelligence  is  one  thing,  life  another,  and  the  spinal  cord 
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witli  its  supply  of  nerve  substance  doubtless  looked  after  the  mere 
inpfhiuiical  functions  of  life;  and  while  even  the  spinal  cord  is  in 
nmriy  cases  quite  small,  in  some  places,  ^lartieularly  in  the  sacral 
region,  it  is  subject  to  considerable  enlargement.  This  is  notably  true 
of  Stegosaurus,  where  the  sacral  enlargement  is  twenty  times  the  bulk 
of  the  puny  brain — a  fact  noted  by  Professor  Marsh,  and  seized  upon 
by  the  newspapers,  which  announced  that  he  had  discovered  a  Dinosaur 
with  a  brain  in  ib^  pelvis. 

In  their  great  variety  of  size  and  shape  the  Dinosaurs  form  an  inter- 
esting parallel  with  the  Marsupials  of  Australia.  For  just  as  these 
are,  as  it  were,  an  epitome  of  the  class  of  mammals,  mimicking  the 
herbivores,  carnivores,  rodents,  and  even  monkeys,  so  there  are  car- 
nivorous and  herbivorous  Dinosaurs — Dinosaui's  that  dwelt  on  land 
and  others  that  habitually  resided  in  the  water,  those  that  walked 
upright  and  those  that  ei-awled  about  on  all  fours;  and,  while  there 
are  no  hints  that  any  possessed  the  power  of  flight,  some  members  of 
the  group  are  very  bird-like  in  form  and  structure,  so  much  so  that 
it  has  been  thought  that  the  two  may  have  had  a  common  ancestry. 

The  smallest  of  the  Dinosaurs  whose  acquaintance  we  have  made 
were  little  larger  than  chickens;  the  largest  claim  the  distinction  of 
being  the  largtist  known  quadrupeds  that  have  walked  the  face  of  the 
earth,  the  giants  not  only  of  their  day,  but  of  all  time,  before  whose 
huge  fi"ames  the  bones  of  the  Mammoth,  that  familiar  byword  for  all 
things  groat,  seem  slight. 

For  Brontosaurus,  the  thunder  lizard,  beneath  whose  mighty  tread 
the  earth  shook,  and  his  kindred  were  from  40  to  60  feet  long  and  10 
to  14  feet  high,  their  thigh  bones  measuring  6  to  C  feet  in  length, 
being  the  largest  single  bones  known  to  us,  while  some  of  the  vei'tebrte 
were  4i  feet  high,  exceeding  in  dimensions  those  of  a  whale. 

The  group  to  which  Brontosaurus  belongs,  including  Diplodocus 
and  Morosaunis.  is  distinguished  by  a  large,  though  rather  short, 
l>ody,  very  long  neck  and  tail,  and,  for  the  size  of  the  animal,  a  very 
small  head.  In  fact,  the  heatl  was  so  small  and,  in  the  ca.se  of  Diplo- 
docus, s<i  poorly  pi-ovided  with  teeth  that  it  must  baye  been  quite  a 
tu.-k.  or  along-continued  pleasure,  according  to  the  state  of  its  digestive 
u|>paratus.  for  tint  animal  to  have  eaten  its  daily  meal. 

An  elephant  weighing  5  tons  eats  1(M)  pounds  of  hay  and  25  pounds 
(if  grain  for  his  day's  ration;  but,  as  this  food  is  in  a  comparatively 
concentrated  fonn,  it  would  require  at  least  twice  this  weight  of  green 
fodder. 

It  is  a  difficult  matter  to  estimate  the  weight  of  a  live  Diplodocus  or 
a  Brontosaurus,  but  it  is  pretty  safe  to  say  that  it  would  not  be  far 
from  20  tons,  and  that  one  would  devour  at  the  very  least  something 
over  700  pounds  of  leaves  or  twigs  or  plants  each  day — more,  if  the 
animal  felt  really  hungry. 
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But  here  we  must,  even  if  reluctantly,  curb  our  ima^iaation  : 
and  consider  auother  point:  The  cold-blooded,  sluggish  reptile.s. 
know  them  to-day,  do  not  waate  their  energies  in  rapid  move 
or  in  keeping  the  temperature  of  tbeir  bodies  above  that  of  t 
and  so  by  no  means  require  the  amount  of  food  needed  by 
active,  warm-blooded  animals.  Alligators,  turtles,  and  snakes  ' 
for  weeks,  even  months,  without  food,  and  while  this  applies 
particularly  to  those  that  dwell  in  temperate  climes  and  during 
winter  hibernation  practically  suspend  the  functions  of  digesti 
respiration,  it  is  more  or  less  true  of  all  reptiles.  And  as  there  i 
reason  for  supposing  that  reptiles  behaved  in  the  past  any  diff< 
from  what  they  do  in  the  present,  these  great  Dinosaurs  may 
all,  not  have  been  gifted  with  such  ravenous  appetites  as  one 
fancy.  Still,  it  is  (bngerous  to  lay  down  any  hard  and  fast  lav 
cerning  animals,  and  he  who  writes  about  them  is  continually  ( 
to  qualify  his  remarks — in  sporting  parlance,  to  hedge  a  little, 
the  present  instance  there  is  some  reason,  based  on  the  arranj 
of  the  vertebriP  and  ribs,  to  suppose  that  the  lungs  of  Dinosaur 
somewhat  like  those  of  birds,  and  that,  as  a  corollary,  their  blot 
have  been  better  aerated  and  warmer  than  that  of  living  n 
But  to  return  to  the  question  of  food. 

From  the  peculiar  character  of  the  aiticulations  of  the  Jimb 
it  is  inferred  that  these  animals  were  largely  aquatic  in  their  '. 
and  fed  on  some  abundant  species  of  water  plants.  One  can  i 
see  the  advantage  of  the  long  neck  in  browsing  off  the  vegetal 
the  bottom  of  shallow  lakes,  while  the  animal  was  subinergoc 
rearing  the  head  aloft  to  scan  the  t>urrounding  shores  for  the  ap 
of  an  enemy.  Or,  with  the  tail  as  a  counterpoise,  the  enttr 
could  be  reared  out  of  water  and  the  head  be  raised  some  30 
the  air. 

Triceratops,  he  of  the  three-horned  face,  had  a  reniarkabi 
which  projected  backward  over  the  neck,  like  a  fireinairs  hcliiii 
sunbonnet  worn  hind  side  Iwfore,  while  over  each  eye  was  a  i 
horn  directed  forward,  a  third,  but  much  smaller  horn  being 
times  present  on  the  nose. 

The  little  "  horned  toad,"  which  isn't  a  toad  at  all,  is  the  near 
gestion  we  have  to-day  of  Triceratops;  but,  conid  he  real 
ambition  of  the  frog  in  the  fable  and  swell  hiin.se!f  to  the  dim 
of  an  ox,  he  would  even  then  lie  but  a  pigmy  compai-ed  w 
ancient  and  distant  relative. 

So  far  as  mere  appearance  goes  he  would  compare  verv  w 
while  so  much  is  said  about  the  strange  appearance  of  the  Dii: 
it  is  to  be  borne  in  mind  that  their  peculiarities  are  enhanced  \. 
size,  and  that  there  are  many  lizards  of  to-day  that  lack  only  sti 
be  even  more  bizarre;  and,  for  example,  were  the  Australian 
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^B      "*K'    ®**ougli,  he  could  give  even  Stegosaunis  "points"  in  more 
*ys  than  one. 

t,L    **ndiiig   before  the  ekuU  of  Tiiceratops,  looking  him  aquarely  in 

L       lace,  one  notices  in  front  of  each  eye  a  thick  guard  of  projecting 

-..  ^^1  a.n<i  vchile  this  must  have  interfered  with  vision  directly  ahead 

*»08t  liave  also  furnished  protection  for  the  eye.     So  long  a«  Tri- 

^vatops  faced  an  adversary  he  must  have  been  practically  invuhier- 

,  "^'ft,  but  a»  he  was  the  largest  animal  of  his  time,  upward  of  25  feet 

**  length,  it  is  probable  that  hiscombats  were  mainly  with  those  of  his 

*n  tind  and  the  subject  of  dispute  some  fair  female  upon  whom  two 

^^al  euitora  had  cast  covetous  eyes.     What  a  sight  it  would  have  been 

**  bave  seen  two  of  those  big  brutes  in  mortal  combat  as  they  charged 

_  Pon  each  other  with  all  the  impetus  to  be  derived  fi-om  ten  tons  of 

infuriate  flesh!     We  may  picture  to  ourselves  horn  clashing  upon  horn, 

org^lancing  from  each  bony  shield  until  some  skillful  stroke  or  unlucky 

**hp  placed  one  combaUnt  at  the  mercy  of  the  other,  and  he  went  down 

^fore  the   blows  of  his  adversary  "as  falls  on  Mount  Alvemus  a 

thunder-smitten  oak." 

A  pair  of  Triceratops  horns  in  the  National  jMuaeum  bears  witness 
to  «Uoh  encounters,  for  one  is  broken  midway  between  tip  and  base; 
and  that  it  was  broken  during  life  is  evident  from  the  fact  that  the 
atunijaig  healed  and  rounded  over,  while  the  size  of  the  horns  shows 
tha.t,  their  owner  reached  a  ripe  old  age. 

^or,  unlike  man  and  the  higher  vertebrates,  reptiles  and  fishes  do 
not  bave  a  iiiaximum  standard  of  size  which  is  soon  reached  and  rarely 
exceeded,  but  continue  to  grow  throughout  life,  so  that  the  size  of  a 
turtle,  a  crocodile,  or  a  Dinosaur  tells  something  of  the  duration  of  its 
life. 

Before  quitting  Triceratops  let  us  glance  for  a  moment  at  its  skeleton. 
How  among  other  things  a  skeleton  is  the  solution  of  a  problem  in 
mechanics,  and  in  Triceratops  the  head  so  dominates  the  rest  of  the 
structure  that  one  might  almost  imagine  the  skull  was  made  first  and 
the  body  adjusted  to  it.  The  great  head  seems  made  not  only  for 
offense  and  defense;  the  spreading  frill  serves  for  the  attachment  of 
muscles  to  sustain  the  weight  of  the  skull,  while  the  work  of  the 
muscles  is  made  easier  by  the  fact  that  the  frill  reaches  so  far  back  of 
the  junction  of  head  with  nock  as  to  largely  counterbalance  the  weight 
(,f  the  face  and  jaws.  When  wc  restored  the  skull  of  this  animal  it 
was  found  that  the  center  of  gravity  lay  back  of  the  eye.  Several  of 
the  iMsnes  of  the  neck  are  united  in  one  mass  to  furnish  a  firm  attach- 
ment for  the  muscles  that  support  and  move  the  skull,  but  as  the  move- 
ments of  the  neck  are  already  restricted  by  the  overhanging  frill,  this 
loss  of  motion  is  no  additional  disadvantage. 

■  To  supiKut  nil  this  weight  of  skull  and  l>ody  recjuires  very  massive 
legs,  and  as  the  fore  |g        ^re  very  short,  this  enables  Triceratop.^  to 
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browse  comfortably  from  the  ground  by  merely  lowering  the  front  of 
the  head. 

Thece  forms  we  have  l>een  considering  were  the  ginnts  of  the  group, 
but  a  commoner  species,  Thesiiesiua,  though  less  in  bulk  than  those 
just  mentioned,  was  still  of  goodly  proportions,  for,  as  he  stalked 
about,  the  top  of  his  head  was  12  feet  from  the  ground. 

Thespesiiis  and  his  kin  seem  to  have  been  comparatively  abuudant. 
for  they  have  a  wide  distribution,  and  many  specimens,  some  almost 
,  perfect,  have  been  discovered  in  thiscouutry  and  abroad.  No  less  than 
2!)  Iguanodons,  a  European  relative  of  Thespesius,  were  found  in  one 
spot  in  mining  for  coal  at  B  rnissart,  Belgium.  Here,  during  long 
years  of  Cretaceous  time,  a  river  slowly  cut  its  way  through  the  coal- 
bearing  strata  to  a  depth  of  750  feet,  a  depth  almost  twice  tm  great  as 
the  deepest  part  of  the  gorge  of  Niagara,  and  then,  this  being  accom- 
plished, began  the  work  of  tilling  up  the  valley  it  bad  excavated.  It 
was  then  a  sluggish  stream  with  marshy  borders,  a  stream  subject  to 
frequent  floods,  when  the  water,  turbid  with  mud  and  laden  with  sand, 
overflowed  its  banks,  leaving  them,  as  the  waters  suhsided,  covered 
thickly  with  mud.  Here,  amidst  the  luxuriant  vegetation  of  a  semi- 
tropical  climate,  lived  and  died  the  iguanodons,  and  here  the  pick  of 
the  miner  rescued  them  from  their  long  entomhment  to  form  part  of 
the  treasures  of  the  museum  at  Brussels. 

Like  other  reptiles,  living  and  extinct,  Thespesius  was  continually 
renewing  his  teeth,  so  that  as  fast  as  one  tooth  was  worn  out  it  was 
replaced  by  another,  a  point  wherein  Thespesius  had  u  decided  advan- 
tage over  ourselves.  On  the  other  hand,  as  there  was  a  reserve  supply 
of  something  like  400  teeth  in  the  lower  jaw  alone,  what  an  opportu- 
nity for  the  toothache! 

And  then  we  have  a  multitude  of  lesser  Dinosaurs,  including  the 
active,  predatoiy  s[>ecies  with  sharp  claws  and  double  edged  teeth, 
ilegalosaurus,  the  first  of  the  Dinosaurs  to  be  really  known,  was  one 
of  these  tarnivorous  .species,  and  from  our  West  comes  a  near  relative, 
Ceratosaunw,  the  nose-horned  lizard,  aqueer  beast  with  tiny  fore  legs, 
powerful,  sharp-clawed  hind  feet,  and  well-armed  jaws.  A  most 
formidable  foe  he  seems,  the  more  that  the  hollow  bones  speak  of 
active  movements,  and  Pi-ofessor  Cope  pictured  him,  or  a  near  i-ela- 
tive,  vigorously  engaged  in  combat  with  his  fellows,  or  preying  upon 
the  huge  but  helpless  herbivores  of  the  marshes,  leaping,  biting,  and 
tearing  his  enemy  to  pieces  with  tooth  and  claw. 

Professor  Osborn,  on  the  other  hand,  is  inclined  to  consider  him  as 
a  reptilian  hyena,  feeding  upon  carrion,  although  one  can  but  feel  that 
such  an  armament  is  not  entirely  in  the  interests  of  peace. 

Last,  but  by  no  means  least,  are  the  Stegosaurs,  or  plated  lizards: 
for  not  only  were  they  beasts  of  goodlj-  size,  but  they  were  among 
the  moKt  singular  of  all  known  animals,  singular  even  for  Dinosaurs. 
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TWn  \\a^  ^^ininutive  heiidM,  email  fore  tegs,  long  tails  aniied  on  either 
Slip  we**'  *'"*i  lip  with  two  pairs  of  large  spines,  while  from  these 
ap\tte»  to  the  neck  ran  series  of  large  but  thin  and  shai-p-edged  plates 
stand\i\g  on  edge,  so  that  their  iMitks  looked  like  the  bottom  of  a  boat 
provided  with  a  nmnherof  little  centerhoards.  Jiist  how  these  plates 
were  arranged  is  not  decided  beyond  a  pcradventure,  but  while  orig- 
inally figured  as  having  them  in  a.  single  series  down  the  ba<5k,  it  seems 
much  more  probable  that  they  formed  parallel  rows. 

The  largest  of  these  plates  were  2  feet  in  height  and  length,  and 
not  more  than  an  inch  thick,  except  at  the  base,  where  they  were 
enlarged  and  roughened  to  give  a  firm  hold  to  the  thi<ik  skin  in  which 
they  were  imbedded.  Be  it  remembered,  too,  that  these  plates  and 
spines  were  doubtless  covered  with  horn,  so  that  they  were  even 
longer  in  life  than  as  we  now  see  them.  The  tail  spines  varied  in 
length,  according  to  the  species,  from  8  or  iJ  jnches  to  nearly  3  feet, 
and  some  of  them  have  a  diameter  of  6  inches  at  the  base.  They  were 
swung  by  a  tail  S  to  10  feet  long,  and,  as  a  visitor  was  heard  to 
remark,  one  wouldn't  like  to  be  about  such  an  animal  in  fly  time. 

Such  were  some  of  the  strange  and  mighty  animals  that  once  roamed 
this  continent  from  the  valley  of  the  Connecticut,  where  they  literally 
left  their  footprints  on  the  sands  of  time,  to  the  Roeky  Mountains, 
where  the  ancient  lakes  and  rivers  became  cemeteries  for  the  entomb- 
ment of  their  bones. 

The  labor  of  the  collector  has  gathered  their  fossil  remains  from 
many  a  Western  canyon;  the  skill  of  the  preparator  has  removed  them 
from  theirstony  sepulchres,  and  the  study  of  the  anatomist  has  restored 
them  as  they  were  in  life. 
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THE  GREATEST  FLYING  CREATURE. 


By  S.  P.  Langlet. 

(Intro^cing  it  paper  fry  P.  A.  lAieiit. ) 


A  question  of  interest  to  all  who  are  attracted  to  the  .■subject  of  aerial 
navigation  by  flying  mat-hine^i  {or  things  heavier  than  the  air,  and  which, 
therefore,  do  not  float  like  a  balloon,  but  are  dependent  entirely  on 
some  mechanical  power  for  their  support)  is,  "What  has  nature  her- 
self done  in  the  waj'  of  large  flying  machines,  and  ar«  the  birds  which 
we  see  now  the  limit  of  her  ability  to  construct  them  \ " 

In  former  epochs  of  our  planet'^  history  there  were  larger  flying 
creatures  than  now,  notably  the  Pterodactyl,  "a  brother  to  dragons," 
a  reptile  rather  than  a  bird,  but  a  reptile  with  enormously  great  wings. 
We  do  not  know  just  how  great  this  was  in  the  living  creature,  except 
conjectnmlly,  for  we  have  only  the  skeleton.  To  take  the  expanse  of 
[he  wing  skeleton  of  a  bird  as  giving  us  the  expanse  of  wing  of  the 
actual  bird  would  be  to  greatly  underestimate  it,  the  stret<?h  of  the 
skeleton  being  much  less.  The  skeleton  (which  is  all  we  have  left  of 
the  Pterodactyl,  a  featherless  reptile,  and  in  that  important  respect 
different  from  a  bird)  will  lie  more  nearly  in  expanse  that  of  the 
living  creature. 

We  have  here  in  the  illustration  (PL  I)  a  larger  than  ordinary  speci- 
meti  of  Ornithostoma,  a  Pterodactyl  whose  skeleton  indicates  a  spread 
of  wing  of  about  twenty  feet. 

It  is  compared  with  that  of  the  condor,  nearly  the  largest  bird  now 
on  the  planet. 

For  my  immediate  purpose  I  will  recall  to  the  reader  that  birds  are 
divisible  into  two  cla-sses:  (1)  those  who  soar  with  little  motion  of 
their  wings,  and  yet  in  some  mysterious  manner  keep  their  generally 
weighty  bodies  afloat  on  the  yielding  air,  and  (2)  those  who  flap  their 
wings. 

Ornithostoma  belongs  almost  unquestionably  to  the  first  of  these 
classes.  Its  weight  is  not  to  Ite  exactly  estimated,  but  from  a  \-ariety 
of  considerations,  part  of  which  are  quoted  by  Mr.  Lucas  in  the  ensu- 
ing paper,  it  is  possible  that  the  average  specimen  of  Ornithostoma, 
in  spite  of  its  great  wing  space,  did  not  weigh  over  thirty  pounds. 
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Now  wo  wish  for  our  ospeci«I  puifiose  of  comparing  this  hird  with 
other  flyinjf  thin^.  to  know  (a)  the  supporting  area  in  square  feet,  (A) 
the  weight,  and  (<■)  the  power  for  (1)  a  flying  machine  of  inMi's  inven- 
tion, which  htm  ai^'tually  fluwn  for  eoiiiparativoly  long  didtance.s.  {'2) 
like  facts  for  this  the  largest  of  nature's  flying  machines,  and  (S)  for 
some  of  our  present  birds.  To  recapitulate,  we  need  for  our  special 
purpose  at  least  the  following  data  for  any  flying  thing,  namely.  (1)  the 
supporting  area  in  square  feet,  {'2)  the  weight  in  pounds,  and  (3)  the 
horsepower  which  drives  it  through  the  air. 

It  is  evidently  impossible  to  exactly  recover  all  of  these  for  the 
Ptero»lactyl,  and  hard  to  definitely  establish  all  three  even  in  living 
spet^'imcns,  but  we  may  assume  in  the  case  of  the  horsepower  that  it  ii^ 
proportioned  to  theareaof  the  attachment  of  the  muscles  which  moved 


the  liird  in  flight,  an  assumption  which  is  doubtless  only  approximately 
true,  but  may  serve  our  immediate  purpose.  With  this  understand- 
ing I  present,  together  with  an  instantaneous  photograph  of  a  steel 
flying  machine  in  iictuul  flight  (PI.  11)  (re|)eated  here  from  ii  previous 
publication),  ti  diagram  (Pis.  Ill,  IV)  representing  the  h1h»vo  thi-ee 
facts  in  the  case  of  (1)  the  flying  machine,  (a)  the  I*terod;ictyl  (Ornitho- 
stoma),  (3)  the  condor,  and  (4)  the  buzzard,  alt  soaring  things,  and  (o) 
the  wild  goose,  (6)  th«  pigeon,  and  (7)  the  humming  bird,  which  last 
three  fly  by  moving  their  wings. 

This  steel  flying  machine  shown  in  the  instantaneous  photograph 
had  a.  supporting  area  of  i>i  s<|U!in'  feet,  a  weight  of  'M  (xiunds,  devel- 
oped li  horsepower,  and  reix>atedly  flew  from  one-half  a  mile  to 
three-quarters  of  a  mile.  These  facts  arc  represented  in  the  diagram 
by  the  three  rectangular  figures  whose  areas  are  pro|>ortional  to  these 
values.     Inimediatoly  after  it  comes  nature's  greatest  flying  machine. 
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the  Pterodactyl.  This  may  have  l>een  quite  '20  feet  from  tip  to  tip  of 
winj^.  The  palw»ntologist  says  that  approximately  the  wing  surface 
was  25  square  feet,  the  weight  something  liko  3i>  pounds,  and  I  infer 
from  the  consideration  just  quoted  that  the  power  was  probably  less 
than  0.05  horsepower;  the  immensely  greater  economy  and  efficiency 
of  nature  in  the  respect  of  power  being  most  strikingly  shown  by  the 
size  of  the  small  rectangle  as  compared  with  that  in  the  flying  machine 
of  nian^s  invention. 

After  this  comes  the  condor,  preeminently  a  soarer.  Its  stretch  of 
wing  is  9  to  10  feet,  ifc*  supporting  area  very  nearly  10  square  feet, 
its  weight  17  pounds,  and  the  approximate  horsepower  it  develoiw 
(inferred  from  the  facts  already  stated)  scarcely  0,05. 

Next  comes  the  turkey  buzzard,  whose  stretch  of  wing  is  C  feet, 
its  supporting  area  a  little  over  5  square  feet,  its  weight  5  pounds, 
and  the  approximate  horsepower  it  develops  (as  atwve)  0.015. 

All  the  alK)VC  are  soaring  birds.  I  now  pass  to  another  order  of 
birds,  which  flap  their  wings.  The  wild  goose,  with  a  supporting 
area  of  2.7  square  feet,  ha.s  a  weight  of  9  pounds,  and  needs  a  pixipor- 
tionately  greater  power  of  nearly  0.020  horsepower  to  drive  it,  as 
against  scarcely  0.02  horsepower  in  the  last  exauiple. 

Next  we  have  another  familiar  bird,  the  pigeon,  which  drives  itself 
by  flapping  the  wings.  This  has  an  area  of  alraut  0,7  of  1  square  foot, 
a  weight  of  1  jwund,  and  a  horsepower  of  0,012, 

Below  this  we  come  to  the  humming  bird,  whose  area,  twing  shown 
on  the  same  si-atc  as  the  others,  is  almost  too  small  to  Ih'  distingui.shed 
on  the  page,  hut  which  has  a  supporting  surface  of  nearly  0,03  of 
a  stguare  foot,  a  weight  less  than  0,02  of  a  pound,  and  a  horse- 
power of  probably  not  over  0,iX)l.  (All  these  values,  as  we  have 
already  said,  arc  but  approximative.) 

Particular  attention  is  to  Ire  paid  to  the  fact  that  regaiiling  the 
mtios  of  supporting  surface  to  weight  supported,  these  ratios  are  not 
only  not  the  same  in  all  the  birds,  but  themselves  differ  greatly,  but 
systematically,  with  the  absolute  weight.  Jf  we  inquire  how  much 
1  horsepower  would  support,  for  instance,  supposing  the  ratios  of 
sustaining  surface  (i.  e.,  wing  area)  to  weight  to  be  constant,  we  find 
that  I  horsepower  would,  in  the  flying  machine,  supjxtrt  20  pounds 
with  36  -square  feet  area  of  wing  {i.  e.,  li|  square  feet  to  a  pound); 
and  that,  passing  to  the  flapping  birds,  if  the  wild  goose  were  to  pre- 
serve the  same  I'elations  on  an  enlarged  scale,  its  1  hoi-sepowcr  would 
support  346  pounds  of  weight  with  the  use  of  101  square  feet  of  wing 
surface  or  0,29  square  feet  to  the  pound;  that  in  the  pigeon  1  horse- 
power would  support  83  pfHuids  of  weight  with  the  use  of  58  siiuare 
feet  of  wing  surface  or  0.7  square  feet  to  the  i>ound,  and  that  in  the 
humming  bii-d  1  horsepower  would  f:upport  15  pounds  of  weight  with 
the  u.se  of  26  square  feet  of  wing  surface  or  1.73  square  feet  to  the 
pound.     So  that,  broadly  speaking,  so  far  as  these  few  examples  go,  the 
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lar^r  the  cresture  the  less  relative  surface  and  power  is  needed  for 
itis  support. 

From  the  obvious  mathematical  law  that  the  area  in  bodies  in  gen- 
eral increasefi  as  the  square  of  their  dimensions,  while  their  weight 
increases  as  the  cube,  it  is  an  apparently  plain  inference  that  the  larger 
the  creature  or  machine  the  less  the  relative  area  of  support  maj  be 
(that  is,  if  we  consider  the  mathematical  relationship,  without  reference 
to  the  question  whether  this  diminished  support  is  actually  physically 
sufficient  or  not),  so  that  we  soon  reach  a  condition  where  we  can  not 
imagine  flight  possible.  Thus,  if  in  a  soaring  bird  which  we  may 
suppose  to  weigh  2  pounds  we  should  find  that  it  had  2  square  feet  of 
surface,  or  a  ratio  of  a  foot  to  a  pound,  it  would  follow  from  the  law 
just  stated  that  in  a  soaring  bird  of  twice  the  dimension  we  should 
have  a  weight  of  16  pounds  and  nn  area  of  8  square  feet,  or  only  half 
a  square  foot  of  supporting  area  to  the  pound  of  weight,  so  that  if 
flight  is  possible  in  the  first  case  it  would  appear  to  be  highly  improb- 
able in  the  second.  The  difficulty  grows  greater  as  we  increase  the 
size,  for  when  we  have  a  creature  of  three  times  the  dimensions  we 
shall  have  twenty-seven  times  the  weight  and  only  nine  times  the 
sustaining  8urfa<'e,  which  is  but  one-third  of  a  foot  to  a  pound.  This 
is  a  consequence  of  a  mathematical  law,  from  which  it  would  appear 
to  follow  that  we  can  not  have  a  flying  creature  much  greater  than  a 
limit  of  area  like  the  condor,  unless  endued  with  extraordinary 
sti-ength  of  wing. 

But  tbiH  apparently  necessary  mathematical  consequence  is  not  the 
law  of  nature,  for  while  it  is  found  that  in  the  lai^r  bird  a  smaller 
area  for  each  pound  of  the  weight  is  given  under  the  law  than  in  the 
.smaller  bird,  it  is  also  found  (what  is  another  thing)  that  this  smaller 
area  is  nevertheless  sufficient,  and  that  from  the  mathematical  law 
just  cited  there  docs  not  follow  the  apparently  obvious  consequence 
(notably  in  the  larger  creatures  like  the  condor,  perhaps  less  notably 
in  .>*ueh  a  creature  as  the  Pterodactyl)  that  the  bird  can  not  be  sup- 
jKirted,  and  while  the  fact  is  certain  that  it  can,  the  cause  of  this  does 
not  seem  to  be  clearly  known. 

Special  cases,  it  may  be  said,  may  furnish  an  exception  to  what  in 
tlie  nature  of  things  must  be  the  general  rule.  Such,  however,  again 
does  not  seem  to  be  the  fact.  This  anomaly  which  is  even  now  not 
gonei-ally  appreciated  seems  to  have  been  first  noticed  by  a  French 
observer,  M.  de  Lucy,  who  about  18(>S  published  a  memoir,  which  I 
have  not  wen  in  the  original,  but  an  English  translation  of  which  was 
published  in  the  Fourth  Annual  Report  of  the  AeronantiL-al  Society 
of  tirc^at  Britain  for  18*!9.  and  an  extract  from  which  is  here  repro- 
duced. The  same  factj^  are  given  at  greater  length  in  an  article  by 
Dr.  Karl  Mullenhotl,  of  Berliw,  in  the  Archiv  fur  die  Gesammte 
Physiologic,  Volume  XXXV  froui  which  Plate  V  is  taken. 
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In  this  table  each  <;reature  is  supposed  to  be  magnified  ordiminiflhed 
in  all  its  existing  proportions  till  it  weigbs  1  pound.  The  surface 
dimensions  of  On  wingM  will  then  be  as  given. 

The  above  in.secb;  and  birds  vibrate  their  wings  and  do  not  soar. 
Xh«  table  shows  that  the  law  (i.  e.,  the  law  that  the  larger  the  (;reature 
t.h«  le»«  the  nece.ssar\-  relative  area  of  support  to  agiven  weight)  holds 
not  only  in  the  ea,seof  the  large  soaring  bird,  but  in  the  ease  of  smaller 
one»  whic-h  flap  their  wings,  and  even  in  the  ease  of  insects.  The 
explanation  may  \m  very  near  at  hand,  hut  it  is  not  to  me  evident. 

THo  accompanying  table,  from  Mouillard's  L'Empire  de  L'Air, 
deals  with  the  same  facets,  and  exhibita  the  paradoxical  law  that  the 
greator  the  creature  the  smaller  the  (relative)  supix)rting  surface; 
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Tile  iiirvc  (Plato  Vj  whims  tht'  snmo  fat-ts  in  a  graphic  form,  and  ihey 
F-tt-m  to  me  to  (icscrvi'  a  fuller cxplariHtion  than  haj*  vet  hwn  given  lo 
th-'iii. 

I  now  invite  the  n'ttrfprV  attention  to  Mr.  Lucss'h  interesting  paper. 

S.  P.  Lasglet. 


THE    «KEATEST    FLITIN*!    CREATCEE,   THE    GREAT    PTEEODACTYL 
OBKITHOSTOMA. 


Bj   F.  A.  LctAa, 

ileil  .StalfK  Xntiiinnl  .Vtu^unt. 


No  one  animal  eomhines  all  the  Itewl  features  of  weight,  power,  and 
wins  urea  neetled  in  a  flying  uia<-hine.  for  those  with  the  greate.*t  «- 
{janHC  of  wing  ai'c  by  no  nican.s  the  boaviest  and  strongest,  while  the 
nioftt  |H>wcrful  l>irds  are  not  those  of  the  longest  sustained  flight  or 
those  which  fly  tt>  the  tM',st  advantage  if  considered  from  an  economical 
standjHjiiit.  The  Frigate  Bird,  which  is  perhaps  the  bird  of  all  other* 
most  at  home  in  the  air,  la*'ks  earrying  capacity,  being  so  far  as  mere 
mu.scle  goes  comiMratively  weak,  sailing  by  skill  and  not  by  strength. 
Birds  of  prey,  (ni  the  other  hand,  which  can  carry  away  a  ijuarry  of 
very  nearly  their  own  weight,  fly  when  they  do  this  by  labored  strokes 
of  their  powerful  pinions,  with  an  apparent  expenditure  of  considera- 
ble power,  sailing  or  soaring  only  when  not  encumbered  hy  extra 
weight. 

The  Albatross,  which  has  a  maximum  weight  of  IS  pounds  and  a 
spread  of  wing  of  11  feet  6  inches,  is  the  most  notable  example  we 
have  of  long  sustained  flight  in  a  heavy  bird,'  and  it  is  the  more 
remarkable  from  the  fact  that  us  the  wing  is  exti-emely  nari-ow  its 
area  is  very  small,  not  ex<'eeding  7  square  feet.  The  surplus  lifting 
power  of  this  bird  is  ([uite  small,  since  the  wing  muscles  on  whose 
area  we  must  liase  our  estimate  of  the  amount  of  force  exercised  m 
flight  arc  comparatively  small,  lioth  the  Allmtross  and  Frigate  Bird, 
however,  are  of  double  intei-est  from  the  very  fact  of  their  great  ex- 
tent of  wing  and  small  amount  of  mu.scle,  since  they  thus  throw  some 
light  on  the  question  of  the  length  of  wing  that  may  he  manipulate*' 
with  a  given  force. 


■8  catch  an  Alhalrops,  tauten  to  it  a  lag  bearing  the  name  o|  t"* 
ship,  (iate  of  capture,  latilude  and  longitude,  and  thon  release  the  bird.  A  gpeonieo 
thus  tagged  and  sulweqiienlly  taken  by  another  shiji  ie  preserved  in  the  museum  o 
Ilrown  Univereity,  showing  that  in  twelve  days  it  had  traveree<i  a  distanw  o(  at  le**" 
:t.  1-iO  miles,  probably  more,  since  the  Alliatrom  mrely  flies  in  a  direct  line- 
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The  Condor,  and  his  c«iL«!n,  tlip  California  Vulture,  weigh  nl>out 
the  same  as  an  AIbatn;)s,s.'  but  the  broad,  rounded  t<hape  of  their  wiiijjn 
givps  them  a  much  gi-eater  area,  and  this  difference  i^.  in  turn,  related 
(o  differenres  in  flight,  for  the  great  vultures  soar  high  in  the  air. 
while  the  AlliatrosM  skims  the  sea,  rarely  rising  to  an  elevation  of  150 
feet. 

It  is  to  be  noted,  however,  that  the  question  of  f(H>d  has  something 
to  do  with  the  mode  of  flight,  since  the  one  bird  seeks  its  food  from 
the  surface  of  the  water,  while  the  other  mounts  aloft  to  scan  th(^  eartli 
in  search  of  something  eatable, 

Humboldt  is  credited  with  having  seen  a  Condor  soaring  above  the 
summit  of  Chimliorazo;  but  that  this  or  any  bird  ever  attains  such  an 
altitude"  is  more  than  questionable,  and  WhymjH'r.  the  most  recent 
and  most  careful  ol)server,  i>uts  the  range  of  the  great  Vulture  at  from 
■t,iHX>  to  15,0(K)  feet. 

The  Condor  is  said  to  attain  a  spread  of  wing  of  15  feet,  but  no  bird 
of  anything  like  this  size  is  preserved  in  any  collection,  and  even  10 
feet  G  inches  from  tip  to -tip  may  be  Iwikod  ujwn  as  exceeding  the 
normal  or  average  size.''  As  the  Aibatross  averages  10  feet  from  tip 
to  tip,  and  is  said  by  good  observers  to  reach  1^  or  even  14  feet,"  it 
may  l>e  pretty  safely  set  down  as  having  the  greatest  stretch  of  wing 
of  any  animal  now  living.  Certainly  the  Albatross  stands  tirst  in  length 
of  wing  bones,  for  these  mea.suro  H  fvict  H  inches  in  the  great  wander- 
ing Aibatrohs.  while  the  bones  of  a  large  ('ondor  have  a  combined 
length  of  but  6  feet  I  inch.  Moreover,  the  Albatross  inhabits  the 
wind-swept  seas  of  the  Southern  Hemisphere,  one  of  the  stormiest 
regions  of  the  globe,  and  is  continually  called  ujxin  to  wield  its  pinions 
in  the  teeth  of  gales,  and  the  successful  manner  in  which  this  is  done 
calls  forth  the  admiration  of  the  ol>server. 

So  far  as  carrying  weight  is  concerned,  the  Trumpeter  Swan  stands 
at  or  near  the  head  of  the  list,  for  this  bird  attains  a  weight  of  28 
pounds,  and  carries  this  far  and  fast  with  a  spread  of  wing  of  8  feet. 
Its  mode  of  flight  is  entirely  different  f  n)TU  that  of  the  Albatross,  being 

■A  Califiiriiia  Vulture,  1  year  ciM,  in  the  Nalional  Zoological  Park,  wi-ijtliiHl  18} 
pounds. 

"•BinlB  are  known  to  nil(i:tale  at  a  I'ery  t'onsiilerahle  elevation,  but  it  if  Iwlievcd 
that  none  have  as  yet  lieen  recnrded  i*o  hijrh  as  4  niiW.  The  hei^fht  of  Chiriihorai'i  ia 
20,4SM  feet. 

"A  fine  Coiiiiitr  from  Pataiconia  hail  a  spread  of  only  8  feet  8  inches,  ami  the  (.'ali- 
fomia  Conilor  in  the  National  Zotilogical  Park  at  Washington  measures  but  0  feet  2j 
intlies  aen>sn  the  wings.  Like  nioHt  large  animals,  ComlnrH  shrink  Hofully  \tei<ire  a 
tape  line. 

■"The  lai^ns-t  of  tour  Albatroi-aeB  measured  by  the  writer  hatl  a  spread  of  wind's  of 
only  10  feet  :i  inehes,  but  these  were  biniii  of  1  year  and  2  years  olil,  and  many  of 
the  old  birds  seen  were  wrtainly  uiucli  larjfer.  The  ship's  iarpenter  claimed  to  have 
measure<l  a  bird  of  12  feet  spread. 
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performed  bj  powerful  wing  beats,  while  the  latter  bird  rarely  flaps 
iti)  wings,  but  sails  over  the  water  with  little  apparent  expenditure  of 
muscular  power.  In  default  of  these  birds  the  Wild  Goose  [Bemtda 
canadensis)  and  Turkey  Buzzard  may  serve  as  representativea  of  differ- 
ences in  method  and  appamtus  of  flight. 

The  goose,  like  his  relative  the  swan,  flies  by  means  of  the  strokes 
of  bis  wings  and  carries  a  weight  of  9  pounds,  with  a  wing  area  of 
2.65  square  feet  and  a  muscle  area  of  8.S4  square  inches;  the  sailing 
buzzard,  with  a  weight  of  5  pounds,  has  a  wing  area  of  5.3  square  feet 
and  a  muscle  area  of  5.12  square  inches.  Thus  the  one  bird  ha8  0.3 
square  foot  area  of  wing  per  pound  of  weight,  while  the  other  has  1,06 
square  feet  per  pound  of  weight.  Or,  if  we  wish  to  compare  the  area 
of  wing  to  the  area  of  sternum,  we  may  say  that  in  the  goose  this 
ratio  is  43  to  1  and  in  the  buzzard  149  to  1.  The  minimum  of  wing 
area,  both  positively  and  comparatively,  is  reached  in  the  humming 
birds,  which  may  be  typified  by  a  species  common  in  Barbados  {Eulum- 
pis  chloroliemus).  This  little  bird,  weighing  0.015  pound,  has  a  wing 
area  of  0.026  square  foot,  and  a  muscle  area  of  0.33  square  inch,  a 
ratio  of  11.4  to  1,  while,  if  brought  up  to  ounces,  the  wing  area  per 
ounce  would  be  but  0.76  square  inch. 

These  differences  are  dwelt  on  at  some  length  in  the  introduction  to 
this  paper,  where  they  are  graphically  expressed  by  means  of  diaj^ranis 
and  compared  with  the  weight,  horsepower,  and  supporting  area  of 
a  flying  machine. 

The  buzzard  may  bo  compared  to  a  racing  yacht  with  small  hull  and 
great  spread  of  canvas;  the  humming  bird,  like  a  torpedo  boat,  is 
mainly  engine. 

Mammals  may  be  practically  left  out  of  consideration  in  discussmg 
large  flying  creatures,  for  while  many  of  the  bats  fly  with  the  utmmt 
dexterity,  none  of  them  attain  any  considerable  size,  the  largest  of  the 
fruit  bats  (Pterojtus  fdidis)  weighing  under  3  pounds  and  having  a 
spread  of  wing  of  5  feet.  Almost  everyone  is  acquainted  with  the 
rapid  fluttering  flight  of  small  bats,  and  it  need  only  be  said  that  the 
large  species  fly  with  measured  wing  beats  not  unlike  those  of  a  crow. 

Such  are  some  of  the  flying  forms  of  to-day,  and,  with  few  exceptions, 
they  seem  not  to  have  been  e.xceeded  by  any  creatures  of  the  |ja.ft. 
IlarjMigornis,  the  extinct  eagle  of  New  Zealand,  was  larger  and  more 
powerful  than  any  existing  bird  of  prey,  although  the  South  American 
harpy  eagle  is  a  near  second;"  but  the  more  notable  exceptions  were 
the  great  flying  reptiles,  or  pterodactyls,  which  abounded  on  the  shoi-es 
of  the  inland  sea  that  during  Cretaceous  time  extended  from  the  Gulf 
of  Mexico  up  the  Mississippi  Valley  and  northwesterly  through  Kansa-s. 
And  as  the  Inige  dinosaurs  were  the  largest  creatures  that  ever  walked, 

■.A.  spei'imen  of  tliis  bird,  Thnuddia  harpgia,  in  the  Nntionid  Zoological  Park, 
weiglia  lOJ  pounds. 
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80  the  greatest  of  these  pterodactyls  were  the  largest  ci'eatures  that  ever 
flew,  their  outstretched  wings  having  a  spread  of  20  feet  from  tip  to  tip. 

There  is  one  possible  rival,  a  bird  supposed  to  be  a  relative  of  the 
pelicans,  described  by  Professor  Cope  under  the  name  of  Cypliomia; 
but  as  this  bird  is  known  from  a  small  fragment  only  and  its  wing  area 
very  far  from  certain,  Cyplwmw  may  be  ruled  out  of  compotition. 

The  greatest  of  the  pterodactyls,  Omitkontoma  ingeitu  (PI.  VI),  has 
l>een  described  at  some  length  by  Prof.  S.  W.  Williaton,  of  the  State 
University  of -Kansas,  and  from  bis  articles  have  been  taken  the  facts 
relating  to  this  curious  creature  that  are  herein  embodied. 

The  great  moa  marks  one  extreme  of  specialization,  the  dispropor- 
tionate size  of  the  hind  as  compared  with  the  fore  limbs,  for  this  big 
bird  had  legs  6  feet  long  and  no  fore  legs  at  all;  OniithostmtKi  marks 
the  other  extreme  with  a  wing  9  feet  in  length  mid  a  leg  so  small  and 
weak  as  to  be  of  little  use  save  for  spreading  the  wing  membrane. 
For,  like  other  pterodactyls,  whose  wings  are  aciuirately  known  from 
their  impressions  in  the  fine-grained  lithographic  stone  of  Solenhofen, 
this  species  doubtless  had  a  membranous  wing  something  like  that  of 
a  bat.  As  for  the  body,  being  that  of  a  reptile,  it  must  have  been 
naked  and  possibly  covered  with  small  s<-ales  like  those  on  the  body  of 
an  iguana,  so  that  on  a  small  picture  the  skin  would  appear  quit« 
smooth.  While  the  body  was  small  in  comparison  with  the  extent  of 
wing,  the  hea,d,  which  wa«  principally  beak,  wa-s  very  iiearlj'  4  feet 
long,  extending  Iwickward  to  form  a  large  but  thin  crest.  This  has  a 
direct  relation  to  the  enormous  length  of  the  lieak,  since  it  furnished 
11  point  of  atta«'.hment  for  muscles  whose  pull  counterbalanced  the  lever- 
age of  the  front  part  of  the  head.  The  Iw^ak  was  dagger-like,  being 
\cry  narrow,  pointed,  and  quite  toothless.  Whether  this  beak  was 
covered  with  a  thin,  hard  skin,  like  the  epidermis  on  the  head  of  a 
crocodile,  or  with  horn,  like  the  bill  of  a  bird,  is  not  positively  deter- 
mined, but  the  weight  of  evidence  is  in  favor  of  the  former,  since  none 
of  the  pterodactyls  yet  found  show  any  traces  of  a  horny  bill.  In  the 
peculiar  shape  of  the  lower,  back  portion  of  the  lieak  there  is  a  sug- 
gestion of  the  former  presence  of  a  small  pouch,  like  that  found  in 
<-(irmoi'ants,  and  this  would  l»e  in  accord  with  the  supposed  tish-cating 
haliits  of  OmitJmxtiiiiiii.  Like  other  animals  with  long,  narrow  wings. 
(friirtlioHtoma  doubtless  sailed  somewhat  after  the  manner  of  the  alba- 
tross. This  is  inferred  not  only  from  tlu!  size  and  --ihape  of  the  wing. 
Imt  from  the  comparatively  small  size  of  the  breastlK>ne,  to  which 
were  attache<l  the  muscles  used  in  flight.  Birds  which  fly  by  strokes 
of  their  pinions  have  the  bi-eastbone  deeply  keeled  to  furnish  room  for 
the  attachment  of  the  wing  muscles,  and  the  size  of  this  keel  is  in 
direct  relation  to  the  rapidity  of  the  wing  strokes,  reat^hing  its  maxi- 
mum in  the  humming  bird»,  in  which  the  wings  are  vibrated  so  rapidly 
as  to  be  invisible.     Birds  which  sail  have  the  breast  muscles  much 
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reduced,  and  the  extreme  of  reduction  is  found  in  the  frigate  bird, 
which,  with  a  spread  of  wing  of  6  feet  i  inohes,  has  a  muscular  area 
of  only  3.50  square  inches." 

There  is  another  point  in  the  anatomy  of  Omithostoma  besides 
length  of  pinion  that  lends  strength  to  the  supposition  that  it  sailed, 
and  this  is  found  in  the  structure  of  the  fore  limb.  It  was  pointed  out 
by  Mr.  HufTnkcr  that  in  spite  of  the  deficiency  of  muscle  shown  by 
soaring  birds  the  support  of  the  wing  was  \'ery  strongly  built;  thus  the 
frigate  bird  with  its  small  breastbone  has  the  bones  of  the  shoulder 
joint  firmly  united  with  one  another  and  with  the  breastbone.  In  the 
albatross  strength  is  gained  by  shortening  and  widening  the  bone  to 
which  the  wing  is  directly  fastened  and  giving  it  a  broad  base  for 
attachment  to  the  breastljone.  In  the  great  ptci-odaotyis  strength 
was  obtained  by  bracing  the  shoulder  blade  against  the  l>ackbone,  in  the 
mannershown  in  the  diagram;  thus  the 
body,  MO  to.  speak,  was  slung  fi*om  the 
winga.  In  addition,  three  sections  of 
the  backbone  were  united  in  one  piece 
in  order  to  give  a  firm  point  of  attach- 
ment, the  whole  arrangertient  curiously 
suggesting  the  fore  leg  of  a  turtle. 

In  spite  of  its  great  extent  of  wing, 
Omithfufiomii  was  not  a  heavy  animal, 
possibly  not  so  heavy  as  the  trumpeter 
swan,  for  the  body  was  small  and  the 
H..W  the  wing  cii  o™,//,.,rf-.,«a  is  mi,,.  i^nes  reached  the  extreme  of  lightness, 
l>eing  far  lighter  than  inUny  bird.  This 
may  be  appreciatt'd  by  quoting  Professor  Williston's  remark  that  the 
bones  were  almost  papery  in  their  character,  one  of  the  finger  bones 
•i(>  inches  long  and  2  inches  in  diameter  being  no  thicker  than  a  cylin- 
der of  blotting  paper.  The  same  authority,  luising  his  estimate  on  tnis 
extreme  lightness  of  structure  and  the  small  size  of  the  body,  places 
the  weight  of  one  of  these  pterodactyls  at  only  ^5  pounds,  and  with 
this  weight  and  its  great  spread  of  wings  the  creature  must  have  flown 
as  lightly  as  a  butterfly.  Even  if  wo  increase  the  estimated  weight  by 
•iSS  per  cent,  we  have  a  creature  weighing  but  30  pounds,  so  that  the 
lK)dy  was  even  more  an  appendage  to  the  wings  than  m  the  frigate 
bird,  and  ."ceius  to  have  Iteen  just  heavy  enough  to  counterbalance  the 
weight  of  head  and  ne<rk  and  insure  equilibrium. 


•This  in  t.lul<Ml  with  wimt  hi-silancy,  an  iioMtpriiiim  of  alarp'  allmtrosp  ia  availahle, 
aii'l  it  may  )«  that,  all  \\\\\\z»  i-Miisi'lpreil.  thu  alliatross  ha."  the  li>«st  amoQiit  of  win^ 
lllll^^-lt•.  The  ratio  i>t  wing  iiiuwlc  to  wiiig  ic  xinsller  in  Ibi;  turkey  buzzard  than  in 
Ihctrigalpliiril,  iH'iiijr,  re^iiw  lively,  1: 125  and  \:\\i,  (his  owing  to  the  much  broader 
ttiiiK  i>f  the  Iniz/jinl.  On  the  nther  hand,  theKnul  humming  bird  (PiOaqana  gigai) 
ha- a  r.Hii.  ..f  musele  to  wing  area  i.f  l:L':!,  ami  a  ^tuall  i-nenee  a  ratio  ot  but  1: 11.39. 
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As  ^/m(Mo«/f>w*((wascapable  of  long  sustained  flight,  and  as  it»  bones 
are  found  undpt  conditioos  indicating  that  it  went  far  out  to  sea,  it  is  not 
improbable  that  it  fed  largely  or  entii-ely  on  fish.  That  they  formed  a 
part  of  its  diet  is  certain,  for  fish  bones  and  scales  are  found  with  the 
remains  of  pterodactyls,  and  it  is  easy  to  imagine  this  great  reptile 
gliding  over  the  sea,  with  outspread  wings,  snatching  up  fish  right  and 
left  with  its  long  beak  tm  easily  as  a  museum  a-ssistant  picks  theui  out 
of  a  jar  of  alcohol  with  a  pair  of  forceps.  The  bird  in  the  foreground 
18  represented  in  our  illusti'ation  as  just  turning  to  its  right,  the  left 
wing  being  advanced  and  i-aised  to  cause  the  turn. 

With  its  Mmall  Ixxly  and  enoiinous  wings  Ornlthontoma  may  be 
looked  upon  as  the  king  of  flying  creatures,  and  as  more  highly  spe- 
cialized than  any  flying  animal  before  or  since  his  time. 

Finally,  it  is  an  interesting  question  as  to  whether  or  not  the  con- 
dor, the  albatmss,  and  the  pterodactyl  mark  the  limit  of  size  attain- 
able by  flying  creatures — are  the  mechanical  difficulties  in  the  way  of 
using  wings  so  great  that  evolution  stops  at  a  weight  of  30  pounds  and 
a  spread  of  wing  of  20  feet?  Would  animals  above  that  size  have 
trouble  in  manipulating  their  wings  and  be  unable  to  compete  with 
smaller  and  more  active  forms,  or  is  it  that  the  exigencies  of  life  have 
never  called  for  the  development  of  a  larger  creature  { 

These  are  queries  that  may  not  be  settled  otfhand,  and  it  may  only 
be  said  that  the  vast  majority  of  birds  are  small  and  agile,  and  that, 
although  birds  and  ptei'odactyls  flew  side  by  side  over  the  Cretaceous 
seas  and  shores,  the  birds  never  reached  the  size  of  their  reptilian 
associates,  and,  so  far  as  we  know,  these  iDark  the  limit  of  size  among 
flving  animals. 
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THE  OKAPI;  THE  NEWLY  DISCOVERED  BEAST  LIVING 
IN  CENTRAL  AFRICA." 


By  Sir  Harry  H.  Johnston,  K.  C.  B., 

limoneffor  Vgnuda,  Britith  Enii  Afriru;  the  dinwiw^r  of  tlie  OkapL 


The  author  of  this  article  i-emembei-s  having  oncountered  in  his 
childhood — say,  in  the  later,  sixties— a  l>ook  alwut  strange  beastfi  in 
Central  Africa  which  was  said  to  lie  based  on  information  derived 
from  early  Dutch  and  Portuguese  works.  The  publication  of  this 
book  wa,s  more  or  less  inciti^d  at  the  t'um:  hy  Du  Chaillu's  discoveries 
of  the  gorilla  and  other  strange  creatures  on  the  west  coast  of  Africa, 
and  its  purport  was  to  show  that  there  were  in  all  probability  other 
wonderful  thingij  yet  to  be  disi-overed  in  the  Central  African  forests. 
Among  these  suggested  wonders  was  a  recurrence  of  the  myth  of  the 
unicorn.  Passages  from  the  works  of  the  aforesaid  Dutch  and  Portu- 
guese writers  were  quoted  to  show  that  a  strange,  horse-like  animal 
of  striking  markings  in  black  and  white  existed  in  the  very  depths  of 
these  equatorial  forests.  The  accounts  agreed  in  saying  that  the  body 
of  the  animal  was  horse-like,  but  details  as  to  its  horn  or  horns  were 
very  vague.  The  compiler  of  this  book,  however,  l)elieved  that  these 
btories  pointed  to  the  existence  of  a  horned  hoi-se  in  Central  Africa. 

Somehow  these  stories — which  may  have  had  a  slight  substratum  of 
truth — lingered  in  the  writer's  memory,  and  were  revived  at  the  time 
Stanley  published  his  account  of  the  Emin  Pasha  expedition.  In  Darkest 
Africa.  A  note  in  the  appendix  of  this  book  states  that  the  Kongo 
dwarfs  knew  an  animal  of  ass-like  appearance  which  existed  in  their 
fcirests,  and  which  they  caught  in  pitfall.s.  The  occurrence  of  any- 
thing like  a  horst^  or  ass^animaU  so  partial  to  treeless,  grassy  plains — 
in  the  depths  of  the  mightiest  forest  of  the  world  seemed  to  me  so 
strange  that  I  determined  to  make  further  inquiries  on  the  subject 
whenever  fate  should  lead  me  in  the  direction  of  the  great  Kongo 
forest.  Fate  was  very  kind  to  me  in  the  matter.  In  the  lirst  place, 
soon  after  I  arrived  in  Uganda,  I  was  obliged  to  intervene  to  prevent 
a  too-entei-prising  (ierman  carrying  oil  by  force  a  troop  of  Kongo 
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dwarfa  lo  perform  at  the  Paria  Exhibitioi^.  These  little  men  had  been 
kidnaped  on  Kongo  Free  State  territorj'.  The  Belgian  authorities 
very  properly  objected,  and  as  the  German  impressario  had  fled  with 
his  dwarfs  to  British  territory,  they  asked  me  to  rescue  the  little  men 
from  his  clutches  and  send  them  back  to  their  homes.  This  I  did,  and 
in  so  doing,  and  in  leading  them  back  to  the  forests  where  they  dwelt, 
I  obtained  nmch  information  from  them  on  the  subject  of  the  horse- 
like animal  which  they  called  the  '■okapi,""  They  described  this 
creature  as  being  like  a  zebm,  but  having  the  upper  part  of  its  body 
a  dark  brown.     The  feet,  however,  they  said,  had  more  than  one  hoof. 

When  I  reached  Belgian  territory,  on  the  west  side  of  the  Semliki 
River,  I  renewed  my  inquiries.  The  Belgian  oflScers  at  once  said  they 
knew  the  okapi  perfectly  well,  having  frequently  seen  its  dead  body 
brought  in  by  natives  for  eating.  They  informed  me  that  the  natives 
were  very  fond  of  wearing  the  more  gaudy  portions  of  its  skin;  and 
calling  forward  several  of  their  native  militia,  they  made  the  men  show 
me  all  the  bandoliers,  waist  belts,  and  other  parts  of  their  equipment 
made  out  of  the  striped  skin  of  the  okapi.  They  described  the  animal 
as  a  creature  of  the  horse  tribe,  but  with  large,  a^s-like  ears,  a  slender 
muzzle,  and  more  than  one  hoof.  For  a  time  I  thought  I  was  on  the 
track  of  the  three-toed  horse,  the  hipparion.  Provided  with  guides, 
I  entered  the  awful  depths  of  the  Kongo  forest  with  my  expedition, 
accompanied  also  by  Mr.  Doggett,  the  naturalist  attached  to  my  staff. 
For  several  days  we  searched  for  the  okapi,  but  in  vain.  We  were 
shown  its  supposed  tracks  by  the  natives,  but  as  these  were  footprints 
of  a  cloven-hoofed  animal,  while  we  expected  to  see  the  spoor  of  a 
horse,  we  Iwlicved  the  natives  to  be  deceiving  us,  and  to  be  merely 
leading  us  after  some  forest  eland.  The  atmosphere  of  the  forest  was 
almost  unbrcathable  with  its  Turkish-bath  heat,  its  reeking  moisture, 
and  its  powerful  smell  of  decaying,  rotting  vegetation.  We  seemed, 
in  fact,  to  l>e  transported  back  to  Miocene  times,  to  an  age  and  a  cli- 
mate scarcely  suitable  for  the  modern  type  of  real  humanity.  Severe 
attacks  of  fe\er  prostrated  not  only  the  Europeans,  but  all  the  black 
men  of  the  party,  and  wc  were  obliged  to  give  up  the  search  and  return 
to  the  grass  lands  with  such  fragments  of  the  skin  as  1  had  been  able 
to  purchase  from  the  natives.  Seeing  my  disappointment,  the  Belgian 
officers  very  kindly  promised  to  use  their  best  efforts  to  procure  me  a 
perfect  skin  of  the  okapi. 

Some  months  afterwai-ds  the  promise  was  kept  by  Mr.  Karl  Eriks- 
son, a  Swedish  officer  in  the  service  of  the  Kongo  Free  State,  who 
obtained  from  a  native  soldier  the  body  of  a  i-ecentiy  killed  okapi. 
He  had  the  skin  removed  with  much  care,  and  sent  it  to  me  accom- 

°Ab  a  matter  of  fact,  the  dwarfs  pronounced  tlie  word  "o'api,"  but  the  big  black 
tribes  of  the  forest  called  the  creature  "okapi." 
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panied  by  the  skull  of  tbe  dead  anim&l,  and  a  sniallei-  skull  which  he 
had  o)>tained  sepai-ately.  The  iikin  and  ykulb  were  forwardc-d  to  Lon- 
don, where  they  arrived  after  considerahle  delay.  The  British  Museum 
intrusted  the  getting  up  of  the  okapi  to  Mr.  Rowland  Ward,  of  Picca- 
dilly, and  from  the  mounted  skin  and  other  data  I  have  made  the 
drawings  which  illustrate  this  article.  I  also  give  a  photograph,  taken 
Ity  myself,  of  a  bit  of  forest  where  the  okapi  wa.s  found.  Before 
sending  this  skin  to  Europe,  and  while  it  still  retained  some  indica- 
tions of  the  shape  of  the  animal,  I  made  the  colored  drawing  which 
appeans  as  the  frontispiece  to  this  issue  of  McClurc^s  Magazine,  and 
which  will  also  be  given  in  the  Proceedings  of  the  London  Zoological 
Society.  This  colored  drawing  differs  in  some  particulars  from  the 
appearance  of  the  ukapi  as  set  up  by  Mr.  Rowland  Ward,  and  as  rep- 
resented in  the  illustrations  of  tbe  present  article.  Until  the  okapi  has 
been  photographed  alive  or  dead,  and  its  exact  shape  in  the  flesh  is 
thus  known,  it  i.s  difficult  to  say  which  of  my  two  drawings  is  the  more 
correct.  In  the  first  illustration,  which  appears  as  the  frontispiece,  I 
have  given  the  creature  a  more  horse-like  build.  In  the  sketch  which 
accompanies  this  article,  and  which  is  in  the  main  drawn  from  Mr. 
Rowland  Ward's  building  up  of  the  animal  from  the  flat  skin,  the  shape 
of  the  body  inclines  a  little  moi*e  to  the  giraffe,  the  okapi's  nearest 
ally. 

The  size  of  the  okapi  is  that  of  a  large  stag.  It  stands  relatively 
higher  in  the  legs  than  any  member  of  the  ox  tribe,  otherwise  I  should 
compare  its  size  to  that  of  an  ox.  Like  the  giraffe,  this  creature  has 
only  two  hoofs,  and  no  remains  whatever  of  the  other  digits,  which 
are  represented  in  the  deer,  oxen,  and  in  most  antelopes  by  the  two 
little  "false  hoofs"  on  either  side  of  the  thii-d  and  fourth  toes. 

The  coloration  of  the  okapi  is<)uite  extraordinary.  The  cheeks  and 
jaws  are  yellowish  white,  contrasting  abruptly  with  the  dark-colored 
neck.  Th(!  forehead  is  a  deep  i-ed  chestnut;  the  laige,  broad  ears  are 
of  the  same  tint,  fringed,  however,  with  jet  black.  The  forehead 
ranges  In'tween  vinous  red  and  black  in  tint,  and  a  black  line  follows 
the  bridge  of  the  nose  down  to  tbe  nostrils.  The  muzzle  is  sepia  col- 
ored, but  there  is  a  faint  rim  or  nmstache  of  reddish-yellow  hair  round 
the  upper  lip.  The  neck,  .■shoulders,  l>arrel.  and  l>ack  range  in  tone 
from  sepia  and  jet  black  to  rich  vinous  red.  The  l>elly  ts  blackish, 
c.vept  just  under  tbe  knees.  The  tail  is  bright  chestnut  red,  with  a 
.small  black  tuft.  The  hind  quarters,  hind  and  fore  legs  are  either 
snowy  white  or  pule  cream  color,  touched  here  and  there  with  orange. 
They  are  boldly  marked,  however,  with  purple-black  stripcw  and 
splodges,  which  give  that  zebra-like  appearance  to  the  limbs  of  tlie 
okapi  that  caused  the  tii-st  imperfect  account  of  tt  to  indicate  the  dis- 
covery of  a  new  striped  hoi-se.     The  soft  parts  of  the  animal  Iwing 
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as  yet  unknown,  it  » an  not  l>e  stated  positively  that  the  okapi  pos- 
sesses a  prehensile  tongue  like  the  giraffe,  but  the  long  and  flexible 
lips  would  bcem  to  atone  for  the  very  weak  front  teeth.  It  is  prob- 
ably by  the  lips  and  tongue  that  the  creature  gathers  the  leaves  on 
which  it  feeds,  for  aicoixling  to  the  accounts  of  the  natives  it  Uvea 
entirely  on  foliage  and  small  twigs.  Like  all  living  ruminank^  (except 
tho  camel),  it  has  no  front  teeth  in  the  upper  jaw.  The  molars  are 
very  like  those  of  the  giraffe. 

My  first  examination  of  the  skull  and  skin  of  the  okapi  caused  me 
to  name  it  tentatively  "  Helladotheriuui,"  The  helladotherium  was  a 
giiiiffe-like  animal  that  existed  in  the  Tertiary  epoch  in  Greece,  Asia 
Minor,  and  India.  In  India  the  belladotherium  attained  a  very  great 
size,  but  the  (ireek  .npecimens  were  not  quite  as  large  as  the  modern 
giraffe.  The  helludotheriim]  wa.'^  hornless,  like  the  okapi,  and  in 
anothei'  point  it  rcsem]>led  this  animal,  bot-au.'^  the  neck  was  not  dis- 
pi"Oix>rtionately  long,  and  the  fore  and  hind  limbs  were  nearly  equal 
in  length.  The  okapi  l>ears  on  its  skull  remains  of  three  horn  cores, 
once  no  doubt  as  prominent  us  those  in  the  existing  giraffes.  Tho 
pro<;ess  of  degenei-ation,  however,  has  set  in,  and  in  the  living  okapi 
the  horn  cores  have  lM>en  worn  down  to  two  small  knobs  on  the  foi-e- 
head,  covered  outwardly  with  little  twists  of  hair,  and  one  less  con- 
spicuous knob  or  bump  just  Iwtween  the  eyes.  Though  the  okapi 
bears  certain  supei'iicial  resemblances  to  the  belladotherium,  it  is  prob- 
able, on  the  whole,  thnt  it  comes  nearest  in  I'clationship  to  the  giraffe. 
Being,  how.!ver,  sufficiently  different  from  both,  it  has  been  constituteil 
by  Prof.  Ray  I^ankester  a  separate  genus,  to  which  he  has  given  the 
name  (hvpia. 

So  far  as  is  yet  known,  the  existing  range  of  the  okapi  is  confined 
to  the  northern  part  of  the  Kongo  forest,  near  the  Semliki  River. 
The  okapi  is  found  in  the  little  territory  of  Mboga,  which  is  an  out- 
lying portion  of  the  I'ganda  Pmtectoi-ate.  It  is  also  found  in  the 
adjoining  toi-ritorv  of  the  Kongo  Free  State.  This  same  foi-est,  I 
believe,  conceals  other  wonders  Imsides  the  okapi,  not  yet  brought  to 
light,  including  enormous  gorillas.  1  have  seen  photographs  of  these 
huge  apes,  t^tken  from  dead  animals  which  have  been  killed  by  the 
natives  and  brought  in  to  the  Belgians.  A  careful  search  might 
reveal  scvei-al  other  strange  additions  to  the  world's  mammalian 
fauna. 

Quite  i-ccently  fossil  remains  of  giraffe-like  animals  have  been  found 
in  Lower  Egypt,  as  well  as  in  Arabia,  India,  (ii-eece.  Asia  Minor,  and 
southern  Europe.  It  is  possible  that  the  okapi  and  the  giraffe  are  the 
last  two  surviving  forms  of  this  group  in  tropical  Africa.  The  giraffe 
has  escai>cd  extermination  at  the  hands  of  carnivorous  animals  by  its  de- 
velopment of  enormous  size  and  by  its  wary  habits.    The  giraffe,  unlike 
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■r.>[u  H  phc.Ii«rap!i  loUt ii  by  Sir  Hurrj  H,  Johnston. 
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the  okapi,  prefprw  relatively  open  couiitn',  dotted  with  the  low  acacia 
trees  on  whif^h  it  feedn.  Towering  up  al)ove  these  trees,  the  giratFe 
with  its  large  eyes  can  from  "20  feet  above  the  ground  scan  the  sur- 
rounding country  and  detect  the  approach  of  a  troop  of  lions,  the  only 
creature  besides  man  which  can  do  it  any  harm.  Man,  of  course— the 
British  and  Boer  sportsmen  well  in  advanc*!  of  the  others — is  doing 
his  level  best  to  exterminate  the  giraffe,  as  he  has  exterminated  the 
mammoth,  the  I'r  ox.  the  (iiiagga.  the  dodo,  and  the  auk.  But  for 
the  presence  of  man,  the  giraffe  might  have  been  one  of  the  lords  of 
the  earth.  The  defensele.ss  okapi,  however,  only  survived  by  slinking 
into  the  densest  parts  of  the  Kongo  forest,  where  the  lion  never  pene- 
trates, and  where  the  leopiii-d  takes  to  a  tree  life  and  lives  on  monkeys. 
The  only  human  enemies  of  the  okapi  hitherto  have  Iwen  the  Kongo 
dwarfs  and  a  few  Itlack  negroes  of  the  larger  types  who  dwell  on  the 
fringe  of  the  Kongo  forest.  How  much  longer  the  okapi  will  survive 
now  that  the  nativcw  possess  gun.s  and  collectors  are  on  the  search  for 
this  extraordinary  animal,  it  is  impossible  to  say.  It  is  to  be  hoped 
very  earne.stly  that  both  the  British  and  Belgian  Governments  will 
combine  to  save  the  okapi  from  extinction. 

The  group  of  nmiinants  to  which  the  Ocapta  belongs  includes  at  the 
present  day  the  giraffe  and  po-ssibly  the  prongbuck  of  North  America. 
Far  back  in  the  history  of  the  Artiodactyla,'  when  in  a  section  of 
them  horns  I<ec4inie  the  dominant  characteristic,  these  appendages  were 
developed  mainly  in  two  different  fashions.  The  deer  tribe  grew  bony 
appendages  which  started  from  knobs  on  the  frontal  Irenes,  and  these 
appendages  fell  off  and  were  renewed  every  twelve  months.  When 
the  horns  of  the  stag  fall,  they  leave  only  a  bony  knob,  which  rises 
very  little  alreve  the  level  of  the  skull.  The  Boiu'd^,  or  oxen-ante- 
lope group,  developed  iirst  long  bony  prominences  which  went  on 
growing  year  by  jear  up  to  the  age  of  full  maturity.  These  Iwny 
prominences  came  in  time  to  be  casiid  by  homy  coverings,  and  thus 
we  have  the  hollow-horned  ruminants;  for  when  these  horny  coverings 
are  removed  from  the  long  bony  socket  they  are  found  to  be  hollow; 
they  are  not  solid  l)ony  antlers  growing  from  the  top  of  a  horn  core. 
But  midway  between  these  two  main  groups  there  is  a  third,  of  which 
the  giraffe  and  the  prongbuck  are  two  divergent  spe<;imens.  Here  was 
an  intermediate  stage  between  the  deer  and  the  oxen.  Bony  promi- 
nences, like  those  of  the  B"i'iitit^  but  not  so  long,  grew  out  f  roui  the 
skull  and  were  covered  with  hair.  From  the  top  of  these  prominences 
(;is  in  the  case  of  the  prongbuck,  the  extinct  Sivatherium,  and  probably 

•  Most  <ti  the  readers  ot  M<<Jlure'B  Magazine  are  aware  tlia)  tlie  Artiixlaptyla  are  a 
Hiilwnler  of  udgulatt-s  iti  whifh  the  middle  toes  are  equally  rlfVe)o[)ed.  This  group 
iiiL'Iudt'H  till'  hippoix>tau)UB,  tlie  pifpi,  uameU,  <leer,  girailcs,  uxeo,  tthecp,  goata,  and 
autelopee. 
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JD  the  ancestors  of  the  giraffe)  grew  antlers  or  horn»  which  were  shed 
from  time  to  time,  as  in  the  deer.  This  is  the  case  with  the  modern 
prongbuck,  and  in  all  probability  this  waa  the  case  with  the  ancestors 
of  the  giraffe  and  other  early  members  of  the  giraffine  family.  To-day 
the  giraffe  only  retains  the  long  horn  cores  or  sockets,  from  the  end  of 
which  in  all  probability  antlers  once  sprang.  In  the  case  of  the  okapi, 
as  already  remarked,  these  bony  proinitiencea  have  gradually  dwindled 
to  scarcely  discernible  bumps.  In  other  respects,  however,  the  new 
beast  of  Central  Africa  represents  pretty  nearly  the  primitive  type 
from  which  the  giraffe  rose  in  exaggerated  development  of  neck  and 
limbs. 
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By  (i.  D.  Haviland,  M.  A.,  M.  li.,  F.  L.  S.' 


The  Termitidte,  commonly  known  as  "  white  ants,"  are  insects  feed- 
ing on  wood  and  dead  vegetable  matter,  living  socially  in  colonies 
of  sterile  and  fertile  individuala,  which  grow  very  slowly  and  have  no 
pupa  atage.  Antennie  situated  in  a  shallow  fossa  at  the  side  of  the 
head  just  above  the  base  of  the  mandibles.  Mandibles  powerful, 
except  in  the  soldiers  of  some  sj>eoies.  Maxillie  with  double  chitinous 
hooks  and  long  5-segmented  palpi.  Head  hinged  to  the  prothorax  by 
means  of  a  pair  of  lateral  cervical  sclerites.  Tarsi  of  1  segments,  the 
distal  as  long  us  the  three  proximal  together.  Pronotum,  mesonotum, 
and  mctaiiotuni  distinct.  Abdomen  of  10  segments;  the  ventral  plate 
of  the  basal  segment  absent;  that  of  the  apical  segment  divided,  and 
bearing  at  the  lateral  ends  a  pair  of  short  cerci;  that  of  the  9th  seg- 
ment in  the  larva,  and  often  in  the  adult,  with  a  pair  of  small  papillte 
near  the  center  of  its  posterior  Iwrder. 

Males  with  a  pair  of  compound  eyes  placed  just  above  the  antennal 
fossK",  and  for  the  most  part  a  pair  of  ocelli  situated  near  their  inner 
borders.  Frequently  there  is  a  median  fenestra.  When  young  there 
are  two  pairs  of  large,  membranous,  nearly  equal  wings,  which  in 
i-est  are  superposed  and  project  far  Iwyond  the  apex  of  the  alidomen. 
These  wings  are  used  in  flying  from  the  nest,  and  then  shed  across  a 
traasverse  basal  line,  leaving  subtriangukr  wing  .stumps.  The  vas 
deferens  ojicns  behind  the  ventral  plate  of  the  9th  abdominal  segment. 
The  males  live  permanently  along  with  the  females,  but  there  are  no 
copulatory  organs. 

Females  when  young  closely  resemble  the  males.  The  ventral 
platt's  of  the  8th  and  9th  abdominal  sf^gments  are  divided,  and  the 
halves  are  smail  and  separated.  When  the  female  becomes  the  mother 
of  a  txjlony  her  abdomen  enlarges  by  dilatation  of  the  cuticle  between 
the  chitinous  plates,  and  sometimes  there  is  secondary  chitinization 
extending  forward  from  the  antt-rior  borders  of  the  plates. 

The  soldiers  are  sterile,  wingless,  and  for  the  most  part  blind. 
Their  head  is  chitinous  and  strong,  peculiarly  and  variously  modified 

■  From  Journal  LinDeim  Society,  Zoology,  Vol.  XXVI,  1897-»8. 
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for  defense.  The  segments  of  the  antennse  arc  more  elongate  than  in 
the  males  and  females,  and  fewer,  generally  in  the  proportion  of 
8  to  9.  The  mandibles  are  very  various  in  the  different  species,  but  very 
characteristic  of  each  species,  and  quite  different  from  those  in  the 
males  and  workers.  The  gula  is  large  and  firmly  united  to  the  head, 
generally  for  the  greater  portion  of  its  length.  The  cervical  sclerites 
are  larger  than  in  the  males  and  workers.  The  thorax  and  abdomen 
are  generally  but  little  ohitlntzed.  The  latter  is  generally  more 
quadrate  than  in  the  workers.  Some  individuals  have  rudiments  of 
ovaries,  and  some  of  testes;  but  the  ventral  plates  of  the  8th  and  9th 
abdominal  segment's  are  always  entire. 

The  workers  are  wingless  and  for  the  most  part  blind;  they  are  but 
little  fhitinized,  and  larval  in  appearance.  The  head  is  round,  the  an- 
tennie  are  shorter  than  in  either  male  or  soldier,  and  the  number  of 
segments  intermediate.  The  mandiblcj^  are  short  and  powerful  and 
covered  by  the  obtuse  labrum.  In  species  which  nest  in  the  wood  on 
which  they  live  the  fonn  is  cylindrical,  and  the  legs  shorter  than  the 
abdomen  In  specie^  which  wander  much  in  search  of  food  the  thorax 
is  considerably  narrowed,  and  the  legs  longer  than  the  abdomen. 

Termites  inhabit  all  the  warm  regions  of  the  earth  in  countless  num- 
bers. They  are  unable  to  withstand  a  prolonged  winter's  frost.  Their 
greatest  enemies  are  ants.  Their  chief  means  of  defense  is  their  power 
of  burrowing  and  building. 

CLASSIFICATION. 

In  the  matter  of  genera  I  have  followed  Hagen.  His  genera  admit 
of  distinctions  common  to  every  caste.  The  genus  Tnrtnes  contains 
numerous  species  of  very  diverse  forms  and  habits,  yet  it  can  not  be 
subdivided  by  characters  common  to  every  caste.     *     »     * 

The  genus  Tt-m/fs  is  so  large  that  Ilagen,  who  tried  to  make  several 
genera  of  it,  failed  owing  to  the  incompleteness  of  his  material.  I 
al.so  have  failed,  and  tliink  that  in  the  interests  of  naturalists  the 
attempt  should  lie  postponed.  The  genus  doey.  however,  present  nat- 
ural groups  and  these  I  have  attempted  to  define,  but  more  material 
and  further  examination  will  alter  the  definitions  una  limits  I  have 
given.  The  groups  can  seldom  l»c  distinguished  by  characters  common 
to  every  caste,  nor  are  the  limits  of  the  groups  the  same  if  we  rely  on 
the  soldiers  as  if  we  rely  on  the  males. 

The  largest  forms  of  the  genus  are  fungus  growers.  There  is  an 
American  group  of  large  termites,  represented  by  T.  dlrm,  which  are 
almost  certainly  fungus  growers;  the  soldiers  have  a  pair  of  lateral 
horizontal  spines  on  the  pronotum.  There  are  three  Old  World  groups 
of  fungus  gi-owers.  The  most  important  is  represented  by  T.  hdli- 
comu);   it  builds  tall  mounds;  the  imago  and  soldiers  are  of  large  size. 
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and  the  latter  have  a  transparent  tip  to  the  labrum  and  a  tootblcsi; 
margin  to  the  mandibles.  The  second  is  represented  by  T.  vulgaris; 
it  builds  insignificantly  small  mounds  or  none  nt  all;  the  imago  is  large, 
but  the  soldiers  are  of  moderate  size,  have  a  few  bristles  at  the  tip 
of  the  labnim  and  a  minute  tooth  at  the  middle  of  the  cutting  margin 
of  eBch  mandible,  or  at  any  rate  of  the  left  one.  The  last  group,  repre- 
sented by  T.  iiicerius,  has  individuals  of  moilerate  size  and  quite  differ- 
ent habit  from  those  of  the  previous  groups. 

A  remarkable  group,  in  which  the  soldiei-w  have  a  very  large  foramen 
in  front  of  the  head,  from  which  when  angry  they  can  discharge  a 
copious  viscid  milky  fluid,  has  been  given  the  subgeneric  name  Copto- 
termes  by  Herr  Wasmann.  The  group  is  quite  worthy  of  generic 
rank. 

Another  remarkable  group,  in  which  the  soldiers  have  a  minute 
foramen  in  front  of  the  head  and  a  long  iabrum  reaching  to  the  tips 
of  the  strongly  toothed  mandibles,  was  given  the  subgeneric  name 
Rhinotemnes  by  Dr.  Hagen.  This  group  also  is  worthy  of  generic 
rank.     •     •     * 

These  groups,  the  fungus-growers,  CoptuteiinfS  and  H/i/.miteiiites, 
have  soldiers  with  pronotum  more  or  less  flat,  and  antennee  of  usually 
more  than  14  segments,  and  abdominal  papilla;  usually  easily  visible. 
They  have  imagos  in  which  the  wings  show  the  median  nerve  midway 
between  the  submedian  and  subcostal.  The  remaining  groups,  con- 
taining much  the  lai'ger  number  of  the  species,  have  imagos,  in  which 
the  wings  show  the  median  nerve  much  nearer  the  submedian  than  the 
subcostal,  and  soldiei's  whose  antennje  have  .'^cldom  more  than  14  seg- 
ments. It  is  to  those  that  Dr.  Hagen  gave  the  subgeneric  narae 
Eutermen;  thej'  comprise  numerous  groups,  with  difficulty  recognized 
by  the  imagos,  but  readily  rc(;ogiiized  by  the  soldiers.  The  Eutevme 
bad  ln»en  previously  applied  by  Heer  to  some  fossil  forms  of  the  genus 
TenticK^  known  only  from  the  imago,  and  in  one  case  otdy  froTii  the 
wings.  The  name  was  limited  by  Dr.  Fritz  JMullcr  to  a  much  smaller 
group,  that  in  which  the  soldiers  have  rudimentary  mandibles  and  a 
long,  conical  rostrum.  He  i-aiscd  this  group  to  generic  rank.  It  is  a 
natural  jfroup.  worthy  of  generic  rank,  if  indee<l  it  be  not  worthy  of 
fonning  several  gcneni.  but  it  was  not  in  this  sense  that  I  leer  or  Hagen 
used  the  name  Euii-ruux.     •     •     • 

The  species  of  the  genus  7<-?v/((Vi  seem  in  somecases  to  be  very  distinct 
and  i-eadily  distinguishable,  and  in  other  cases  to  pass  indistinguish- 
ably  into  one  another.  In  the  groups  in  which  the  species  are  not  easily 
distinguishable,  I  have  not  attempted  to  outdo  nature  in  distinctness; 
indeed,  in  this  respect  I  am  consciousof  shortcomings.  In  everj-  case 
I  trust  that  more  reliance  will  be  placetl  on  my  specimens  than  on  my 
descriptions. 
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CHARACTERS. 


The  enormous  number  of  individuals  in  a  nest,  all  of  wbotn  may  be 
considered  as  the  children  of  the  same  parents,  provides  material  for 
the  study  of  normal  variation  and  of  specitic  limits  scarcely  to  be  met 
with  elsewhere.  The  great  difference  of  character  in  the  different 
castes  also  introduces  new  conditions  in  the  classification  of  species, 
and  in  the  study  of  heredity,  not  often  to  be  met  with. 

In  the  genus  Termes  the  soldier  is  by  far  the  best  caste  to  determine 
species  from;  not  only  is  the  soldier  easier  to  determine  than  the 
male,  but  it  is  found  in  almost  every  nest,  and  usually  wherever  the 
workers  go.  Though  the  imago  was  the  caste  on  which  Hagen  founded 
most  of  his  sjiecies,  though  it  is  the  form  found  fossil  in  amber, 
though  it  is  the  form  caught  flying  round  a  lamp  at  night,  yet  it  is 
generally  absent  from  the  nests,  and  is  often  insufficient  for  the  deter- 
mination of  species.  I  have  not  found  the  characters  of  the  wings 
very  useful  or  reliable.  In  one  case  I  have  based  species  on  differ- 
ences in  the  imago,  though  I  could  see  no  difference  whatever  in  the 
soldier;  but  as  a  rule  my  species  are  based  chiefly  on  apparent  differ- 
ences in  the  soldiers. 

There  are  two  external  characters,  which  are  correlated  in  the 
soldiers  and  the  males  of  the  genus  Termes.  The  abdominal  papillte 
show  a  corresponding  degree  of  development,  and  the  number  of 
segments  of  the  antenme  is  approximately  in  the  proportion  of  8  to  9, 
The  chai'acters  of  the  antenna;  ai-e  probably  more  impoi'tant  than  anj" 
othei's  in  the  determination  of  the  sjwcies.  It  is  easy  enough  with  a 
little  care  to  determine  whether  the  apical  segments  are  present  or,  as 
often  happens,  are  broken  off,  for  the  apical  segment  is  of  a  different 
shape  from  the  others.  Although  the  segments  of  the  antenna!  are 
fewer  in  soldier  than  in  the  male,  they  are  generally  longer  and  more 
cylindrical,  so  that  the  antenna!  of  the  soldiers  are  often  as  long  as  or 
longer  than  those  of  the  imago.  The  antennie  of  the  workers,  on  the 
other  hand,  are  always  much  shorter,  yet  the  nunil>er  of  segments 
which  compose  them  is  never  less  than  in  the  soldier  and  never  more 
than  in  the  male.  The  actual  length  of  the  antennie  in  the  genus 
Terinen  seems  to  be  hut  little  correlated  with  the  actual  number  of 
segments  which  compose  them,  whether  we  compare  the  different 
species,  or  whether  we  compare  the  different  castes,  I^ong  antenme 
go  with  long  legs,  and  this  is  true  whether  we  compare  cai;te  or  spe- 
cies. Long  legs  and  long  antenna  go  with  much  walking  and  forag- 
ing; and  this  is  true  when  we  look  to  differences  l)etween  species,  but 
not  when  we  look  to  differences  between  castes.  Soldiers  with  long, 
slender  legs  belong  to  species  which  forage  for  food  at  a  distance  from 
the  nest;  soldiers  with  short,  stout  legs  belong  to  sjwcies  sluggish  in 
their  movements,  and  which  venture  but  little  from  home. 
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Blindness  amongst  the  soldiers  and  workers  is  more  universal  than 
it  is  in  ant*.  There  seems  no  reason  to  doubt  that  the  blindness  is 
connected  with  the  mode  of  life.  The  impossibility  of  attributing  the 
blindness  to  the  inherited  effects  of  disuse,  seeing  that  none  of  the 
parents  in  any  of  the  species  are  blind,  utterly  discredits  such  an 
explanation  in  the  case  of  other  blind  animals. 

In  all  the  castes  the  abdomen  varies  greatly  in  size  and  appearance, 
according  to  the  nature  of  the  contents. 

The  winged  imagos  have  an  unconquerable  desii'e  to  leave  the  nest 
and  to  run  the  risk  of  dangers  from  which  not  one  in  many  thousands 
escapes.  By  this  means  it  is  that  interbreeding  and  distribution  are 
effected.  Dr.  Fritz  MQllei-  aptly  compared  the  winged  individuals 
to  perfect  flowers,  and  the  nuoteinic  individuals  to  cleistogamic 
floweis.  The  comparison  may  l)e  carried  a  st<tp  further.  In  temper- 
ate climates  the  winged  forms  appear  in  early  summer.  In  equato- 
rial regions  they  ap[Kiar  for  the  most  part  in  simultaneous  swarms  at 
favorable  seasons,  while  in  some  species  thej'  seem  to  be  constantly 
produced  in  small  numbers  the  whole  year  round.  The  problems  of 
when  to  swarm  and  how  many  imagos  to  produce  seem  to  be  solved 
in  nearly  the  same  ways  as  the  problems  of  when  to  flower  and  how 
many  flowers  to  produce. 

They  fly  but  feebly,  allowing  themselves  to  be  carried  by  the  wind, 
ainf  could  scarcely  cross  moie  than  a  mile  or  two  of  water. 

'J'he  wings  are  soon  shed  across  a  transverse  ba^al  line.  The  method 
of  breaking  off  the  wings  is  to  elevate  them.  This  will  be  found 
effective  in  dead  insects.  The  live  insect  uses  its  legs  and  abdomen  to 
elex'atc  its  wings,  or  in  other  cases  pushes  them  against  some  object; 
yet  in  some  cases  the  live  insect  will  shed  all  four  wings  with  inexpli- 
cable rapidity.  Their  wings  not  only  prevent  their  burying  them- 
selves and  hiding,  but  on  a  perfectly  level  surface  are  a  danger  to 
them,  for  birds  are  seen  to  pick  up  those  with  wings  in  preference  to 
those  without. 

At  the  time  of  swarming  the  males  and  females  of  the  genus  Termes 
pair,  the  male  following  the  female  and  often  clinging  to  her  abdomen, 
but  there  are  no  copulatory  organs,  and  the  sexual  organs  are  not  at 
that  stage  mature.  In  TeniiojMix  and  CaloteiTiieM  it  seems  that  the 
males  and  females  do  not  run  about  in  pairs. 

In  most  if  not  in  all  species  a  pair  of  termites  can  found  a  nest 
without  assistiince.  Smeathman,  however,  states  that  m  T.  beUicostm 
such  pairs  are  protected  by  any  soldiers  anu  workers  who  may  find 
them,  and  are  by  them  treated  as  kings  and  queens.     *     *    * 

The  females  do  not  differ  from  the  males  in  head  and  tlioiax, 
though  careful  measurements  may  find  the  male  to  be  the  smaller. 
The  abdomen  of  the  females  bei-omes  at  the  last  molt  different  from 
that  of  the  males  on  account  of  a  characteristic  change  in  the  ventral 
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plat(^  of  the  Tth,  8th,  aod  9th  abdominal  segments.  In  all  .specie:^  of 
the  genus  Tennes  the  alidomen  sulisequently  swells  to  many  times  its 
original  size;  but  this  swelling  is  not  accompanied  by  any  molting; 
the  chitinous  plates  do  not  alter,  but  Ikecome  sopai-ated  by  the  disten- 
sion of  the  intervening  cuticle.  *  *  "  In  most  groups  there  are 
present  a  number  of  minute  latei-al  thickenings,  usually  colored,  and 
bearing  each  a  hair. 

When,  as  in  most  species,  the  queen  is  inclosed  in  a  royal  cell  fi-om 
which  she  is  too  large  to  escape,  a  familiarity  with  the  nest  and  habits 
of  the  species  will  lead  to  her  discovery  without  much  trouble;  but  in 
all  species  other  than  the  fungus-growei-s  the  king  can  leave  the  royal 
cell,  and  generally  does  so  when  he  finds  the  nest  is  being  opened. 
In  many  species,  however,  the  queen  wanders  about  the  nest,  and  she 
then  seeks,  like  the  king,  to  avoid  observation  when  the  nest  is  being 
opened.  In  such  cases  there  is  only  one  way  of  searching  method- 
ically for  her.  Remove  the  nest  with  as  little  disturbance  as  possible 
to  a  convenient  place  free  from  the  attacks  of  ants;  a  large  table  with 
its  feet  standing  in  water  is  the  l>est  place.  Break  the  nest  into  frag- 
ments, remove  each  fragment  one  by  one,  e.vamine  it  carefully,  and 
put  it  aside  in  a  safe  place,  so  that  the  search  may,  if  necessary,  be 
gone  through  a  second  time.  If  the  nest  has  been  broken  into  frag- 
ments before  it  has  been  much  di.-iturbed,  the  king  will  be  found  in  the 
same  fragment  as  the  queen.  If  the  nest  is  broken  into  fragments 
gradually,  the  king,  if  found  at  all,  will  genei'ally  l>e  found  in  the 
fragment  last  examined.  The  longest  time  I  spent  searching  through 
one  nest  was  three  days,  I  found  a  king;  the  queen  escaped  me,  hut  I 
feel  confident  that  was  due  to  my  want  of  care,  and  she  was  really  there. 

I  have  found  colonies  which  I  lielieved  to  be,  through  some  accident, 
queenless,  and  there  are,  no  doubt,  species  in  which  a  single  colony  owns 
several  nests;  but  the  rule  is  that  every  nest  has  a  true  royal  pair.  1 
have  found  as  many  as  six  true  royal  pairs;  they  were,  as  is  alwaj^s 
the  case,  in  the  same  royal  (.ell;  their  tjti-si  were  injured,  presumably 
a.s  the  result  of  quarrelmg. 

When  there  is  a  true  queen,  she  is,  so  fiir  as  iny  oI)servations  go, 
always  accompanied  by  a  true  king.  When  there  is  more  than  one 
true  queen,  the  number  of  true  kings  Is  generally  equal  to  them;  hut 
often  it  is  less,  and  occasionally  it-  is  greater.  The  king  has  no  copu- 
latory  organs.  FromProfessorGrassi'sobservations,  it  is  probable  that 
xnCttlotei'min  copulation  nevertheless  does  take  place.  In  Ternies  ma- 
hiyanufi  I  have  leason  to  think  that  the  king  fertilizes  the  eggs  after 
they  are  laid;  mdeed,  copulation  in  the  case  of  kings  and  fully  gi-own 
queens  of  most  ^pccies  of  the  genus  Tei'ims  is  apparently'  impossible. 

1  raised  neoteinic  forms  artificially  in  two  sjK-cicsof  Culotermes.  In 
species  of  the  fungus-growers  neoteinic  forms  have  never  been  found. 
In  five  cases  1  removed  the  royal  pairs  from  the  nests  of  T.  maiayanux. 
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and  after  three  or  four  months  again  examined  the  nests.  In  three  out 
of  the  five  cases  Kubstitution  pairs  exactly  resembling  the  original  ones, 
with  well-formed  wing  stumps,  were  present;  in  the  other  two  cases  I 
could  not  find  a  royal  cell,  and  believe  that  the  loss  had  not  been 
repaired. 

Natural  neoteinic  forms  are  very  abundantly  found  in  some  species, 
especially  in  those  whose  soldiers  have  a  saddle-sha{>ed  pronotuni  and 
are  mandibulated.  In  forms  with  nasut^  soldiers  I  found  neoteinic 
queens  in  only  two  species,  T.  htrnie^nids  and  T.  inatangen«us.  Neo- 
teinic queens  are  generally  raised  in  considerable  numbers,  and  In-come 
fewer  in  number  as  they  grow  older.  They  arc  always  found  in  the 
same  part  of  the  nest,  although,  unless  few  in  immber,  they  can  not 
all  occupy  the  same  cell. 

By  neoteinic  individuals  I  mean  fertile  individuals  the  condition  of 
whose  thorax  makes  it  clear  that  they  have  never  been  capable  of 
flight.  Though  the  true  queens  are  always  accompanied  by  kings, 
the  neoteinic  queens  are  often  consortless.  They  may  lie  accom[>anied 
by  one  or  more  true  kings,  or  by  one  or  more  neoteinic  kings;  but 
the  kings  are  almost  invariably  less  numerous  than  the  queens,  and  are 
in  many  cases  wholly  absent.  This  last  conclusion  indeed  rests  on 
negative  evidence  only,  and  in  the  case  in  which  I  am  ino.st  positive 
{T.  matangitisls,  Nos.  358  and  359)  neither  eggs  nor  young  larvse  were 
present  in  the  nests,  though  wingless  males  and  females  were  a)>undant. 

The  function  of  the  soldiers  1  believe  to  be  defense,  and  defense 
only.  Some  able  observers  have  arrived  at  a  different  conclusion, 
but  on  what  grounds  I  am  not  clear.  There  is  a  vast  difference  in 
functions  of  offen.se  and  functions  of  defense;  the  most  successful 
defense  is  to  prevent  attack;  defense  has  half  failed  when  attacks 
must  be  repulsed.  The  great  enemies  of  termites  are  ants;  and  the 
functions  of  the  soldiers  seem  to  me  to  be  to  defend  any  openings  in 
the  nests  by  putting  their  heads  in  the  way  whilst  the  workers  build 
fortifications.  Those  soldiers  which  have  a  saddle-shaped  pronotum 
and  well -developed  mandibles  are  very  sluggish,  and  seem  quite  use- 
less when  a  nest  is  opened.  It  is  the  nests  to  which  these  ))elong  that 
birds  are  most  fond  of;  but  while  broken  nests  may  be  used  to  bait 
bird  traps,  unbroken  nests  seem  sufficiently  strong  to  resist  the  birds. 

Those  soldiei's  which  have  a  saddle-shaped  pronotum  and  rudimen- 
tary mandibles  scereto  a  clear  viscid  fluid  from  a  sac  which  occupies  a 
great  part  of  the  head,  and  opens  by  a  duct  which  passes  down  the 
rostrum.  The  soldiers  may  be  seen  to  dab  a  little  of  the  fluid  on  the 
antenna;  of  their  enemies  by  a  quick  movement  which  is  clearly  a 
modification  of  the  shaking  movement  so  often  seen  in  worker  ter- 
mites. By  this  means  such  enemies  as  ants  are  placed  hors  de  combat 
when  they  do  not,  as  they  generally  do.  avoid  these  soldiers.  But 
such  a  mode  of  defense  would  seem  quite  useless  in  dealing  with  birds 
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fttid  mammaU.  However,  all  the  species  of  the  section  to  which  T. 
ximhrlnuM  belongs  traverse  the  jungle,  returning  home  by  daylight 
exposed  in  long  lin&s  which  take  an  hour  or  more  to  paiM  one  spot,  the 
soldiers  walking  beside  the  laden  workers.  In  most  of  the  species  the 
wldiers  and  workers  retreat  when  disturbed;  but  in  T.  l/mgi^es  the 
behavior  is  unusually  a^^'tive.  The  workers  vanish  at  once  beneath 
sticks  and  leaves;  and  if  specimens  be  not  quickly  secured,  they  will 
soon  he  very  hard  to  find.  The  soldiers,  on  the  other  hand,  rush  to  the 
attack,  not  in  line,  but  singly;  climbing  every  leaf  and  stalk,  the}' 
stand  with  unlifted  rostrum  challenging  the  enem}'.  But  these  species 
with  rostrum  and  rudimentar}'  mandibles  are  not  the  only  ones  which 
secrete  a  viscid  fluid  from  the  head.  The  soldiers  of  T.  foramuiifer, 
which  have  a  saddlo-shaped  pronotum  and  long  crooked  mandibles, 
also  have  a  minute  oriliee  in  the  front  of  the  head.  In  all  the  species 
of  RhinotenneK  the  soldiers  have  a  similar  foramen  and  a  shallow 
groove  which  runs  from  it  to  the  tip  of  the  labrum.  T.  malayanua 
has  a  similar  minute  foramen,  the  orifice  of  a  sac  occupying  the  mid- 
dle of  the  head.  Most  soldiers  of  the  fungus  growers  and  also  those 
of  T.  KidphMrcun,  when  angry,  discharge  a  viscid  fluid  from  large  sali- 
vary vesicles  opening  into  the  mouth.  The  most  i-emarkable  form  of 
orifice  in  the  front  of  the  head  is  in  the  section  ('(rpt4}terineK.  The  sol- 
diers of  both  T.  ijeniroi  and  T.  iravlana  have  very  large  orifices  in  the 
front  of  the  head  from  which,  when  angry;  they  emit  a  copious  white 
vi.scid  fluid  which  nins  down  to  the  mandibles.  The  soldici-s  of  T. 
gentmi  are  very  ferocious.  The  species  is  one  which  delilwrately 
attacks  and  destroys  live  trees.  The  workers  build  up  a  thick  earthy 
crust  round  the  stem  of  the  tree  for  the  height  of  7  or  S  feet  from  the 
ground;  beneath  this  crust  they  leisurely  seek  out  weak  spots  and 
penetrate  to  the  center  of  the  tree.  If  the  crust  be  broken,  the 
workers  very  ((uickly  retreat;  but  the  soldiers  rush  to  the  atta<-k,  a 
white  milky  fluid  standing  between  their  open  jaws;  they  lift  them- 
selves up  and  then  hammer  their  heads  against  the  tree,  producing  a 
rattling  sound.  If  left  alone  they  soon  retire  under  cover;  but  if  one 
breaks  into  their  reti-eat,  out  they  come  ^ain  in  great  excitement, 
hammering  their  heads,  opening  and  shutting  their  jaws,  and  discharg- 
ing their  milky  secretion.  In  the  section  of  the  fungus  growera  to 
which  T.  hdlirnxm  l>elongs  the  workers  run  away  to  their  subterraneiin 
passages  when  the  nest  is  l>cing  opened,  while  the  .noldiers  slay  to 
defend  the  nest:  generally  the  smaller  soldiers  are  more  active  than 
the  larger,  for  they  lun  about  while  the  larger  occupy  the  crevices  of 
the  nest  and  the  cavities  of  the  fungus  buds,  where  they  wait  and  bite 
at  anything  which  comes  in  reach.  The  soldiers  of  this  group  can 
generally  produce  the  rattling  sound.  In  this  accomplishment  T. 
ciii-bi'iiariic*  has  rea<'he<l  the  highest  stage  of  development,  for  the 
soldiers  i^n  hammer  in  rhythmic  unison.     At  first  a  few  begin  irreg- 
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ularly,  then  they  get  into  time,  and  the  others  take  it  up.  Every 
soldier  in  the  exposed  portion  of  the  nest  ^^tands  up  and  hammersmith 
his  bead;  the  blow  is  given  tbrii'O  in  very  quick  sucoesaion,  and  then 
there  is  an  interval  of  two  seconds.  The  noise  they  produce  reminds 
me  of  wavelets  lapping  on  a  .shore.  ,  This  trick  of  hammering  with 
the  head  is  seen  in  only  a  few  species;  it  is  clearly  a  modification  of 
the  shaking  movement  so  often  seen  in  workers. 

I  have  not  found  a  species  without  soldiers,  though  Dr.  Fritz  Muller 
found  some  in  America.  I  have  rarely  found  a  nest  without  soldiers, 
though  in  T.  himtui  I  have  done  so,     *     *     * 

To  the  workers  1  have  not  ))aid  much  attention.  The  amount  of 
coloring  and  ehitinization  is  correlated  with  the  period  during  which 
they  are  exposed  to  light.  A  broad  head,  slender  legs,  and  arched 
abdomen  go  with  activity  and  the  habit  of  foraging  for  food,  A  nar- 
row head,  short  stout  legs,  and  fusiform  abdomen  go  with  n  sluggish 
habit.  The  workers  not  only  <rollect  tlie  food  and  binld  the  nest,  but 
also  nurse  the  young,  and  may  be  seen  carrying  the  eggs  and  young 
larva;  to  places  of  greater  safety.  In  some  species  they  certainly 
take  care  of  the  queens,     •     •     • 

The  structure  and  position  of  termites"  nests  are  very  various. 
They  agree  in  having  the  outer  part  clo.sed  so  n<  to  exclude  their  great 
enemie.-j,  the  ants;  the  entrances  are  generally  few  and  well  protected. 
Tliere  arc,  bowevei',  some  exceptions  to  this  rule,  of  which  the  most 
remarkable  is  the  nest  of  T.  hti-rlcli't,  which  has  two  or  three  vertical 
shafts,  an  inch  or  two  in  diameter  and  a)K>ut  three  feet  deep,  opening 
on  the  surface  of  the  ground.  T.  hiK<plt'i!'«  also  has  one  or  more 
large  openings  at  the  summit  of  the  nest,  Several  species  of  the 
group  to  which  T.  f<icfi»itwi  l)eh>ngs,  and  which  build  round  nests  on 
the  branches  of  shnilw,  may  also  have  several  exposed  openings  into 
the  nej*ts. 

The  dilfeivnt  groups  of  the  genus  Ti-nin-K  build  nests  of  different 
characters;  the  most  i-emarkable  that  I  have  seen  are  those  of  the 
fungus  growers,  so  well  described  by  Hmeathman  in  the  case  of  T. 
lefliautiin.  The  nests  of  the  American  fungus  growers  seem  unfortu- 
nately never  to  have  Iwen  descriljed.  It  was  noticed  by  Snicathman 
that  in  some  c«ses  the  nests  of  nearly  allied  sjiecies  were  more  easily 
distinguished  than  the  insects  which  built  them.  This  is  especially 
true  of  the  species  allied  to  T.  vriiiiii-"Mi(n,  which  builds  turret  nests 
descrilied  by  Smcathman.  On  the  other  hand,  the  apirearam-c  and 
shape  of  the  nests  are  much  modified  by  conditions;  thus  the  mound 
builders  can  live  without  a  mound  in  culth'at^'d  ground,  where  mounds 
are  not  pcnnittcd. 

All  the  species  whose  soldiers  have  a  distinctly  .saddle-shaped 
pronotum  seem  to  use  proctodeal  discharges  in  the  building  of  their 
nests.    The  fungus  gi-owers,  on  the  other  hand,  do  not  do  so,  but 
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moisten  the  pellets  of  clay  which  they  bring  with  fluid  from  their 
mouths.  In  spe(;ies  of  Coptoferm.i'H  and  Rhinotermes,  and  in  Termed 
tenvinr,  I  did  not  see  what  manner  of  cement  was  used.  T.  planus 
lived  in  shallow  chambers  eaten  in  the  wood,  much  after  the  manner 
of  Calotermv^  and  had  no  buildings. 

Observers  in  America  and  Europe  have  concluded  that  the  same 
colony  often  posser<s  seveml  nests,  only  one  of  which  is  inhabited  by 
fertile  individuals,  whose  eggs  and  young  are  carried  to  the  other 
nests.  I  do  not  doubt  that  this  is  so  with  a  few  species;  I  believe  it 
to  be  so  with  T.  gvxtnii;  nevertheless  it  is  not  so  with  the  great 
majority  of  species  wbioh  J  have  collected.  Further,  the  evidence  for 
such  conclusion  is,  for  the  most  part,  negative,  and  therefore  to  be 
treated  with  great  caution.  As  the  search  for  king  and  queen  goes 
on  hour  after  hour  without  succe.'^s,  exhausted  patience  induces  strong 
wish  for  a  conclusion;  and  it  is  then  that  the  difSculty  arises  of  keep- 
ing the  influence  of  wish  from  upsetting  the  even  balance  of  judgment. 
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THE  WANDERINGS  OF  THE  WATER  BUFFALO." 


Thp  Indian  government  ha^  ipcently  formed  dairy  farms  to  supply 
milk  and  butter  for  the  uhc  of  the  troopu.  The  line  hi'eed.s  of  Indian 
cuttle  are  used  in  tbette  dairies,  hut  cow  buffaloes  are  also  kept  on 
ai'i'ount  of  the  rit-hness  of  their  milk.  European.-<  aomotimes  object 
to  use  it,  u»  the  donieisticated  buffalo  is  often  kept  as  a  sort  of  (*i-8\'en- 
ger  to  the  cow  byi-ea  of  the  Indian  cities,  and  eati  the  litter  and  refuse 
of  the  farmyards.  But  properly  fed  the  buffalo  is  by  no  means  the 
bovine  pig  which  it  becomes  when  kept  in  Hyderalwd  or  Benares.  It 
is  not  only  a  first-class  dairy  animal,  but  the  wtrongest  Iwast  of  dmft 
in  the  world  except  the  elephant.  Great  areas  of  rich  river  delta  and 
marsh  in  three  continents  are  maintained  in  cultivation  hy  liuffalocs 
when  no  other  animal  could  possibly  be  used  to  plow  the  rice  fields  or 
drag  carts  over  and  through  miles  of  litjuid  mud.  The  value  of  this, 
probably  the  lat*>st  of  all  large  animals  to  Iw  domesticated,  is  so  well 
known  in  the  tiist  that  it  has  for  centuries  past  been  carried  to  places 
so  remote  from  its  original  home  and  apparently  so  inacx.-ossible  that 
the  extent  of  its  involuntary  migrations  in  the  service  of  man  has  a 
peculiar  interest.  Besides  this  it  is  one  of  the  very  few  domesticated 
animaU  which,  like  the  yak  nnd  the  gayal  (possibly  a  tame  form  of  the 
gaur),  are  still  found  in  their  original  wild  state,  with  form  and  habits 
scarcely  altered.  The  wild  buffalo  is  among  the  most  dangerous  and 
formidable  of  the  big  game  of  India,  never  hesitating  to  <ihai^e  when 
wounded,  and  noted  for  the  persistency  with  which  it  seeks  to  destroy 
the  person  who  has  injured  it.  Ite  natural  home  Is  in  the  gra«s  jungles 
and  swamps  of  India,  Nepaul,  and  Assam.  It  is  also  found  wild  in 
the  island  of  Formosa.  It  is  a  huge  black  beast,  with  no  hair,  a  skin 
like  black  gutta-percha,  immense  horns,  sometimes  measuring  more 
than  12  feet  along  the  curve,  though  not  spreading  like  a  shield  over 
the  forehead  as  in  the  Cape  buffalo,  but  set  like  a  pair  of  scythes  on 
each  .side  of  its  head.  A  bull  stands  G  feet  high  at  the  shoulder — 
eighteen  hands,  that  is;  its  bulk  is  enormous,  and  Its  git^t  spreading 
feetare  well  adapted  for  walking  in  the  swamps.  By  choit^  it  is  semi- 
aquatic.  A  herd  will  lie  for  hours  in  a  pool  or  river  with  just,  their 
eyes,  horns,  and  great  snub  noses  above  water.     Anyone  who  blunders 
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onto  u  buffalo  in  ft  wallo wing-hole  and  f  rightena  it  out  may  be  excused 
for  imagining  that  he  has  just  come  on  a  mud  volcano  at  the  moment 
of  eruption. 

This  is  the  ital  buffalo — called  in  India  the  arnee — and  not  to  bo 
confounded  with  the  gaur  or  the  banteng,  the  wild  oxen  of  India  and 
the  Far  I-^t.  It  will  be  seen  that  the  buffalo  in  it*  wild  state  is  limited 
to  a  not  very  large  area,  namely,  the  country  south  of  the  Himalaynis, 
and  extending  for  some  distance,  the  limits  of  which  are  not  perfectly 
known,  in  tlie  territory  of  the  Indo-Chinese  states.  Yet  this  enor- 
mously powerful  and  fierce  animal  haw  been  so  completely  domesticated 
by  the  Hindoos  that  the  tame  herds  are  regularly  driven  out  to  feed  in 
the  same  jungles  in  which  wild  buffaloes  live,  the  bulls  among  which 
wilt  often  come  down  and,  after  giving  battle  to  the  tame  bulls,  annex 
the  cows  for  a  time  and  keep  them  in  the  jungle.  The  only  striking 
difference  in  appeamnce  between  the  tame  and  wild  buffalo  is  that  the 
horns  of  the  former  do  not  grow  to  the  size  attained  in  the  wild  speci- 
mens, and  alter  their  curve  and  pitch.  Mr.  Lockwood  Kipling  notes 
the  curious  effect  of  the  grove  of  long  horns  above  a  herd  of  these 
animals,  no  two  buffaloes  having  them  of  the  same  pattern.  Traces  of 
the  lateness  of  the  date  of  their  apprenticeship  to  the  service  of  man 
are  seen  in  their  power  of  self-defense  and  combination  when  threat- 
ened with  attack  by  tigers  or  leopards,  by  their  mating  with  the  wild 
st<H'k,  and  by  the  uncertainty  of  their  temper,  especially  toward 
Europeans.  Wherever  they  are  used  by  oriental  nw-es  these  outbreaks 
of  savagenesg  arc  always  in  evidence  from  time  to  time  when  the  white 
man  encounters  them.  In  China  they  have  been  known  to  chase  Euro- 
peans when  the  latter  wei-e  riding,  as  well  as  when  passing  on  foot. 
They  will  do  the  same  in  India,  in  Egypt,  and  in  Burmah.  Yet  in 
India  ttey  are  generally  taken  out  to  pa-^ture  by  some  small  boy,  who 
is  their  tyrant  and  master,  and  will  protect  him,  their  calves,  and 
themselves  from  the  tiger.  An  account  appeared  recently  in  Country 
Life  of  the  use  of  a  herd  of  these  animals  to  beat  the  jung'e  for  a 
wounded  tiger  which  had  killed  a  native.  The  buffaloes  were  driven 
up  and  down  for  a  whole  day,  beating  the  ground  in  a  compact  Itody, 
until  they  found  the  tiger,  whose  hiding  place  wa.s  shown  by  the 
excitement  of  the  herd,  at  which  it  charged  almost  as  soon  as  they 
oliserved  it.  and  was  shot  Ity  the  guns  following  them. 

As  11  iK-ast  of  draft  the  buffalo  has  astonishing  powers  of  hauling 
heavy  traffic  over  bad  roads.  It  can  plow  in  mud  over  its  hocks. 
It  is  most  docile.  It  can  swim  a  river  going  to  and  from  work,  tow 
barges  along  canals  and  streams,  .sometimes  walking  in  the  shallow 
water  by  the  Iwnks,  like  the  horses  did  on  the  Lower  Thames  before 
the  towpath  was  made.  It  will  eat  anything  it  can  get,  and  asks  only 
for  one  indulgence,  a  good  hour's  swim  or  mud  bath  in  the  middle  of 
the  day.     The  rice  fields  which  feed  so  great  a  percentage  of  the  popu- 
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latton  of  eastern  Asia  could  scarcely  be  cultivated  without  itij  aid,  and 
it  is  so  valuable  as  a  dairy  animal  that  the  percentage  of  butter  in  its 
milk  equals  that  of  the  best  breeds  of  English  dairy  cattle.  The  result 
is  that  it  has  become  an  equal  favoi'ite  with  the  Hindoo,  the  Arab,  and 
the  Chinaman,  and  plays  a  most  important  part  in  the  agriculture  of 
the  Lower  Nile  Valley. 

The  great  distance  from  its  original  home  in  India  at  which  wo  now 
find  the  buffalo  established  is  evidence  that  the  animal  has  a  history  of 
an  exceedingly  adventurous  kind,  were  it  possible  to  trace  the  story  of 
its  travels.  Starting  from  the  Indian  jungles,  and  then  domesticated 
on  the  Indian  plains,  thi.s  erstwhile  wild  beast  has  reached  and  been 
domesticated  and  plays  a  most  important  part  in  Egypt,  Palestine, 
southern  Italy  and  the  Campagna,  the  south  and  east  of  Spain,  Hun- 
gary, Turkey,  and  western  Asia  as  far  as  the  borders  of  Afghanistan. 
By  some  unknown  route  it  has  reached  the  west  coast  of  Africa,  and  is 
established  as  a  beast  of  draught  and  cultivation  on  the  Niger.  It  baa 
traveled  far  up  the  Nile,  and  will  go  farther,  for  it  would  be  invalu- 
able on  the  great  swamps  Fasboda  way.  In  the  Far  East  the  Chinaman 
bus  made  it  his  own  peculiar  pet,  having,  it  is  believed,  first  learnt  its 
value  in  the  rice  grounds  of  the  south.  It  has  been  taken  to  Japan, 
where  it  now  works  in  the  rice  grounds;  to  the  Philippines  and  the 
islands  of  the  Malay  Archipeli^o;  and  there  is  no  doubt  that  it  would 
be  useful  in  British  Guiana.  Possibly  the  Italians  who  are  crowding 
over  into  America  will  introduce  it  in  the  Lower  Mississippi  Valley; 
but  it  is  by  nature  a  brown  and  yellow  man's  beast,  and  only  appre- 
ciated in  Europe  by  the  South  Latin  races. 

How  did  the  buffalo  get  from  India  to  Africa?  Who  first  took  it  to 
Egypt?  How  did  it  get  from  Egypt  round  to  the  West  Niger?  And 
who  brought  it  to  Italy,  and  from  whence?  All  those  are  most  inter- 
esting questions,  and  as  the  distance  of  time  which  has  elapsed  since 
the  animals  were  introduced  into  Europe  does  not  fall  beyond  the 
historic  period,  may  possibly  be  answered.  In  Egypt,  for  instance, 
there  exists  a  pictorial  record  on  the  tombs  and  elsewhere,  covering 
many  thousands  of  years,  in  which  pictures  of  animals  play  an 
important  [tarL  If  the  first  appcnratice  of  the  water  buffalo  in  these 
paintings  were  noted,  the  date  of  ifc*  importation  from  India  to  Egypt 
would  be  known.  From  inquiries  kindly  made  by  M.  Maspero  at  the 
suggestion  of  Lord  Cromer,  it  appears  that  nowhere  in  the  long  "pic- 
ture history"  of  ancient  Egypt  does  the  water  buffalo  appear.  The 
African  buffalo  is  seen  there ;  not  so  the  domesticated  Asiatic  one. 
This  is  very  interesting  negative  evidence  that  this  domesticated  animal 
was  not  known  in  ancient  Egypt.  It  is  surmised,  prol>ably  rightly, 
that  it  was  imported  after  some  great  epidemic  of  cattle  plague,  or  it 
may  have  been  taken  from  the  west  coast  of  India  up  the  Euphrates 
Valley,  and  thence  down  the  Joi-dan  Valley  to  Egypt.     Arab  dhows 
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have  for  ages  done  n  regular  tnide  in  carrying  horses  from  the  weet 
coast  of  India  to  the  I'ersian  (iulf.  It  is  probably  one  of  the  oldest 
forms  of  shipping  which  exist*,  and  the  Aralw  who  now  ship  horses 
fi-oni  Itoinhay  to  the  PerHiun  Gulf  may  have  Iwon  in  the  cattle  trade 
in  very  early  days.  It  is  also  prolmble  that  in  the  era  of  Hindoo 
maritime  entei-prise  the^e  creatures  were  taken  both  to  the  Far  Fjist 
and  to  the  east  coast  of  Africa,  The  circumstances  which  led  to  their 
introduction  into  Ituly  and  Spain  are  probably  to  he  found  in  some 
existing  record;  hut  it  is  not  one  generally  known,  the  nearest  surmise 
l>eing  that  they  may  have  been  given  to  a  Longolnirdian  king  with 
other  animals  by  the  chief  of  a  horde  of  Asiatic  invaders.  They  were 
not  known  in  Italy  in  Roman  times,  Itut  if  they  had  l>een  introduced 
as  recently  as  the  camels  which  aiv  still  used  on  one  of  the  royal  estaites 
in  Tuscany  {an  enterprise  due  to  the  Medici),  the  fact  would  proliably 
have  betm  matter  of  conmion  knowledge. 
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ON  THE  PKK?i(5RVATION  OF  THK  MAUINK  ANIMALS  OF 

THK  noktii\vp:st  coast. 


By  William  H,  I)all. 


I  have  been  requested  by  the  Scfietary  of  the  Smithsonian  Institu- 
tion to  rct-ord  any  facts  in  my  possession  l>earing  on  tlie  preservation 
fi'oni  extinction  by  the  hand  of  nian  of  the  various  marine  aninmis  of 
the  northwestern  coant  of  America, 

The  preservation  of  wild  animals  in  nienagei-ies  and  zoolc^ical  fjar- 
denf*  is  nei^'ssarily  of  a  most  tenipomry  nature,  sini*  many  <)f  them 
will  not  breed  in  t-aptivity  and  all  require  the  gi-eatest  care  to  preserve 
them  in  even  moderately  good  health.  It  is  very  rare  that  we  find 
among  the  carnivores  a  large  mammal  whi4'h  has  reached  a  point  as 
near  domestication  a-i  the  lion,  of  which  a  reasonable  supply  of  cubs 
bred  in  captivity  are  generally  available.  Even  the  European  bison, 
which  has  been  preserved  in  the  forests  of  eastern  Europe  in  small 
numbers  for  several  centuries  in  a  state  us  near  its  possible  to  that  of 
untroubled  natuiv,  are  now,  it  is  i-eported,  on  the  jtoint  of  extinction 
from  disease  and  weakness  due  to  constant  inbreeding. 

Unless  actually  domesticated  this  is  what  may  be  leasonably 
expected  to  occur  in  time  with  any  limited  numlH'r  of  uncivilized  men 
or  wild  animals.  If  the  stock  is  kept  pure  it  will  perish  fi'oni  breed- 
ing in  and  in;  if  it  is  mingled  with  other  blood  the  original  type  grad- 
ually fades  out.  We  may,  therefore,  look  forward  to  a  time,  nearer 
perhaps  than  we  suspect,  when  all  large  animals  and  most  of  the 
attractive  wild  bii-ds  will  be  known  only  fi-oiii  pictures  or  the  mre  and 
precious  specimens  preserved  in  museums.  Those  animals  capable  of 
domestication  in  large  numbei-s,  like  certain  deer,  will  alone  survive 
to  represent  to  future  generations  the  varied  fauna  of  large  wild 
animals  of  to-day.  The  boi-eal  swamps  may  still  afford  a  refuge  to 
some  of  the  more  hardy  fur-lwaring  creatures,  but  the  use  of  furs 
taken  from  wild  animals  will  by  that  time  be  wholly  suiK>rse4ed  by 
still  more  beautiful  pioducts  of  the  loom. 

The  lovers  of  nature  and  the  uncommon  (whit^b  includes  the  yrcator 
part  of  the  civilized  races)  can  not  contemplate  such  a  state  of  affairs 
with  etjuaniiuity.     Like  the  man  who  committed  suicide  liecnuse  he 
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was  tired  of  buttooing  and  unbuttoning,  the  average  citizen  would  find 
such  monotony  unendurable.  The  day  when  circuses  are  shorn  of 
their  attendant  men^eries  will  sensibly  diminish  the  gayety  of  nations 
and  deprive  the  youthful  of  a  most  cherished  source  of  amusement 
and  instruction.  Without  its  bears  and  wolves,  leopards  and  tigers, 
elephants  and  hippupotAmi,  the  natural  world  would  have  far  less 
interest  and  the  distant  day  of  its  6nal  extinction  would  be  palpably 
foreshadowed. 

It  is  said  of  man  that  be  shall  inherit  the  earth;  and  as  populatioa 
grows  this  prophecy  is  gradually  being  fuliilled.  Though  there  are 
deserts  in  the  south,  swamps  and  tundra  in  the  north,  and  mountaio 
ranges  everywhere,  where  man  can  not  find  a  subsistence  or  create  a 
home,  no  doubt  can  exist  that  in  the  fullness  of  time  all  productive 
regions  of  the  earth's  surface  will  be  occupied;  and  only  such  animals 
in  the  wild  state  as  can  secure  subsistence  from  the  most  inhospitable 
areas  can  be  expected  to  survive. 

The  sea,  however,  is  different.  Here  man,  who  began  by  hshiag 
from  the  shore,  then  whitened  the  ocean  highways  with  the  canvas  of 
his  sailing  ships,  and  now  blackens  them  from  the  smoking  funnels  of 
the  sea  tramp  or  the  majestic  liner,  is  distinctly  a  temporary  sojourner. 
He  embarks  upon  the  sea  because  he  must  cross  it,  or  carry  the  goods 
of  others  across  it;  because  for  a  brief  season  he  enjoys  trying  his  wit 
and  strength  against  the  forces  of  natui-e  and  defying  her  barriers; 
or  because  he  seeks  to  wrest  her  treasures  from  the  sea.  However 
crowded  the  continents  may  be,  it  seems  improbable  that  men,  away 
from  their  shores,  will  ever  make  their  homes  upon  the  sea. 

There  is  then  some  hope  for  the  marine  animals.  There  will  always 
be  food  for  them,  always  a  vast  extent  of  ocean  for  them  to  roam  in 
undisturbed,  and  no  man  will  grudge  them  the  occupancy  of  the  reefs 
and  sandbars  which  they  may  seek,  at  certain  seasons,  to  bring  forth 
their  young  or  He  untroubled  in  the  sunshine. 

Whatever  may  be  the  ultimate  fate  of  the  purely  terrestrial  animals, 
in  a  sense  competitors  with  man,  there  is  no  sufficient  reason  why  the 
marine  animals  may  not  survive  on  the  glolie  as  long  as  man  himself. 
The  latter,  from  a  geological  standpoint,  but  recently  feral  himself, 
still  preserves  in  great  strength  certain  primal  instincts.  There  is  a 
legend  of  two  Englishmen  who,  hunting  In  the  wilds  of  central  Asia, 
during  the  temporary  absence  of  the  seraphic  guardians,  ignorantly 
came  to  pitch  their  tent  in  the  Garden  of  Eden.  Waking  with  the  light 
of  dawn  when  the  descendants  of  the  animals  named  by  our  first  par- 
ent were  in  primeval  amity,  wandering  peacefully  over  the  green 
slopes  before  him,  one  of  the  intruders  looked  from  the  door  of  his 
tent  and  shouted  to  his  comrade,  '  Wake  up!  wake  up!  Here  is  a 
chance  to  kill  somethingi"  Whether  this  be  authentic  or  not,  it  is  cer- 
tain that  the  desire  to  kill  is  one  of  the  most  general  and  strenuous 
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instincts  in  man,  even  of  the  highest  civilization.  For  unnumbered 
centuries  his  subsistence  depended  upon  his  ability  to  kill,  and  his  vtTV 
existence  upon  the  power  to  restrain,  by  killing  first,  those  who  would 
kill  him.  It  is  not  to  bo  expected  that  these  instincts  can  be  changed 
or  eliminated  in  a  few  generations.  Nevertheless,  the  desire  to  kill 
for  the  sake  of  killing  haw  been  modified  in  the  more  intelligent  of 
civilized  men  to  a  desire  to  kill  for  some  definite  purpose,  such  a,s  the 
accumulation  of  property,  the  protection  of  domestic  animals,  or  the 
elimination  of  vermin. 

We  may  hope  that  the  more  intelligent  body  of  those  who  make 
and  enforce  the  laws  may  so  restrain  the  less  intelligent,  who  kill  in 
wantonness  or  for  a  trifling  gain,  as  to  defer  the  extinction  of  the 
sea  animals  indefinitely.  It  it  entirely  possible,  though  up  to  the 
present  time  effective  measures  of  protection  have,  so  far  as  inter- 
national law  would  admit,  been  carried  out  solely  for  one  animal^the 
fur  seal.  Othei-s,  like  the  sea  otter  and  salmon,  have  been  legislated 
for.  but  it  is  universally  believed  on  the  northwest  coast  that  no 
honest  attempt  to  enforce  this  legislation  has  ever  been  made,  and 
certainly  none  has  been  efficienL  The  pi-ospect  would  indeed  be  dark 
if  we  could  hope  for  nothing  better  than  the  conditions  which  have 
heretofore  obtained. 

But  there  is  no  I'eason  why  conditions  should  not  improve,  and  the 
writer  believes  that  if  the  American  public  were  fully  aware  of  the 
present  state  of  things  they  would  insist  on  a  change;  and  if  any 
general  appreciation  of  what  the  present  destructiveness  implies  could 
be  brought  about,  the  merest  commercial  self-interest  would  force  a 
reform  in  the  absence  of  other  motives. 

The  marine  animals  which  may  be  <^«nsidered  in  this  connection  are 
as  follows: 

The  sea  elephant,  Macrorkinus  angoKliruftra; 

The  walruc,  Rosmarut  otiema; 

The  wa  lion,  Eumetopiae  utellerl; 

The  lepner  sea  lion,  ZtUopkux  enli/omumu*; 

The  fur  seal,  QdUitiiria  urnna; 

The  hair  or  harbor  seal,  Phoea  ba-gha; 

The  ringe<i  seal,  Phoca  firtida; 

The  harp  Real,  Phocn  ijnmlandica; 

The  t«iitll<;back  aeal,  IlieiriophocafaiKiata; 

The  ht'anl^^  seal,  £lrignathia  bnrbatiu; 

The  Hea  otter,  Enhydrix  jimrina. 

The  fur  seal  ha.s  been  the  subject  of  so  much  writing  and  has  excited 
so  much  popular  interest  from  its  commercial  value  and  other  causes 
that  it  will  not  bo  further  referred  to  in  this  discussion,  except  to  say 
that  there  is  no  question  in  the  mind  of  anyone  qualified  to  judge  that 
if  the  destructive  pelagic  s<'aliiig  were  stopped,  the  seals  would,  in 
the  coui-se  of  eight  or  ten  years,  increase  so  as  to  restore  the  valuable 
industry  now  approaching  extinction. 
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The  sTtt  i'lepfaant,  formerly  ranging  from  the  viiiinity  of  San  Fran- 
i'i,>ifo,  lit  Point  Reytrs,  to  the  we  t  shore  of  the  peninsula  of  Lower 
Culifornia,  is  believed  to  be,  if  not  actually  extinct,  at  least  reduced 
to  a  few  individuals  which  are  finding  a  temporary  refuge  among  the 
ret'fs  of  Ijower  California.  No  one  knows  of  any  living  specimens 
and  the  sjiecics,  for  present  purposes,  may  be  left  out  of  consideration. 

The  Iwarded  seal  is  supposed  to  occur  very  rarely  on  the  coast  of 
Eastern  Hiberia  near  Bering  Strait.  It  is  ii  common  Atlantic  species 
and  may  be  merely  a  straggler  in  the  Far  West.  The  saddleback,  a 
remarkably  handsome  and  very  rare  aninml,  is  believed  to  lje  confined 
to  Kamchatka,  the  Okhotsk  Sea,  and  the  Kurile  Islands.  The.se  two 
may  also  l>e  dismissed  from  our  reckoning. 

The  harbor  seal  is  common  in  the  colder  waters  of  the  coast,  and 
C;Olonies  (Hfur  where  the  glat^iers  of  southeastern  Alaska  drop  their 
shuttered  ice  blocks  into  bajis  and  inlets.  The  mass  of  the  species, 
however,  is  moi-e  northern  and  frequent*  the  region  of  liering  Strait 
and  the  jwliir  .sea,  especially  alniut  the  edges  of  floe  ice.  It  is  a  small 
species  and  lai^ely  utilized  by  the  itatives  of  those  coasts  for  many 

The  ringed  seal,  a  somewhat  larger  and  handsomer  aniuial,  exists 
under  nearly  the  same  conditions  and  is  hunted  by  the  natives  for  the 
same  purp<wc,s. 

The  harp  seal,  a  inwh  larger  animal,  is  also  of  gi-eat  importance  to 
the  native  population  and  occupies  the  .<anie  region,  though  it  never 
occurs  in  the  vast  numbers  which  make  its  pursuit  by  the  Newfound- 
land sealera  of  commercial  importance  in  the  Atlantic. 

These  three  are  speared  through  the  ice,  at  their  blowholes  in  win- 
ter, or  caught  in  nets  ingeniously  spread  under  the  icte  by  the  aid  of 
long  poles.  They  are  shot  or  lanced  near  the  edge  of  the  floe  in 
spring,  and  supply  food,  oil  for  fuel,  soles  for  foot  wear,  coveringa 
for  boats,  arid  a  multitude  of  other  articles  essential  to  the  existence 
of  the  native  )x)[)ulat)on.  The  rmmbcr  killed,  though  large  in  the 
total,  is  not  so  great  as  to  disturb  the  balance  of  nature;  and  with  the 
rapid  decrease  of  the  nati\'e  population,  due  to  introduced  diseases,  it 
will  be  less  and  less,  year  by  year.  They  do  not  exist  at  present  in 
numl>ers  sufficient  to  tempt  coumiercial  slaughter,  and  so  we  may 
regard  tbej*e  spt^cies  at  least  as  prac^ticallv  safe  under  existing  con- 
ditions. 

The  les.ser  s«i  lion  is  a  native  of  the  coasts  of  (.lalifornia,  where  it 
exists  in  large  rookeries  at  a  few  places,  especially  on  the  Fai"allones 
Islands — fortunately  a  (Jovernment  light-house  reservation.  Here 
they  ai-e  not  disturbed,  though  every  few  years  a  foolish  agitation 
ari.ses  among  the  fishermen  of  San  Francisco  calling  for  their  destnic- 
tion  on  the  gi-oimd  that  they  are  destiDying  the  salmon,  or  other  fish. 
No  one  has  evei'  found  a  piece  of  salmon  in  the  stomach  of  a  sea  lion 
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til  the  wild  Htatf.  and  th(^  dan^rer  apfHWix  to  )>e  wholly  inia^iimry,  ok 
the  sea  lion»  have  exiHted  us  long  as  tho  finh,  and,  until  man  with  hin 
disregard  of  the  future  and  hia  de.spcratc  ciidraivorw  to  get  rich  rap- 
idly, entered  the  field  prepared  to  i-apture  and  kill  wholesale  for 
immediate  profit  and  the  suhsistenct^  of  nations  lieyond  the  sea,  there 
was  fish  enoii(fh  and  to  spare.  However,  the  sea  lions  are  in  no  imme- 
diate danger,  and  a  l>etter  knowledge  of  their  f(K)d  and  habits  will 
probably  remove  what  seems  to  threaten  in  the  future. 

The  great  sea  lion  of  Steller  has  been  les.s  fortunate  and  his  fate  has 
l>een  curiously  lK>und  up  with  the  sea-otter  fishery,  now  in  Huvh  a  state 
of  decay  as  to  l>e  almost  negligible.  The  sea  lion,  in  the  absence  of 
the  larger  hair  .seals,  has  been  the  chief  reliance  of  the  Aleutian  otter 
hunters  for  the  hide,  with  which  they  cover  their  hunting  kyaks.  This 
hide  is  far  inferi<ir  to  that  of  the  seal,  and  must  he  renewed  every 
year.  Without  sea-lion  skins  the  hunters  could  not  go  to  sea  on  their 
.  perilous  hunting  trips  among  the  reefs  for  the  precious  ottt-r  fur. 
Control  of  the  supply  of  sea-lion  hidcjs  means  more  or  less  t-ontrol  of 
the  hunting.  So  competing  tmders  attacked  the  sea-lion  rookeries, 
partly  t<j  get  hides  to  trade  to  the  hunters  or  .supply  their  own  fleet  of 
kyaks;  partly  to  destroy  those  they  did  not  need,  so  that  competitors 
for  trade  should  not  be  able  to  get  sea-lion  skins,  and  thus  should  have 
their  busines.s  crippled. 

The  shy  and  elusive  ott^'r  in  the  .tti'enuous  coiiii»etition  was  soon  so 
generally  killed  off  that  the  trade  has  diminished  to  a  [joint  where  it 
is  dying  for  want  of  skins.  The  natives,  diminishing  at  an  a.stonish- 
ing  rat*  from  measles,  influenza,  and  other  introduced  diseases,  arc 
obliged  to  earn  a  living  otherwise  than  by  hunting.  So  the  devastated 
sea  lion  rookeries  are  slowly  recovering,  and  as  their  value  and  num- 
ber are  too  small  to  t<'rnpt  destruction  on  commercial  groimds  l)y  the 
whites,  we  may  regard  the;  danger  point  as  passed.  The  burly  mon- 
arch of  the  island  reefs  is  no  longer  in  need  of  immediate  protection. 

'I'he  strong  arm  of  Russia,  guided  hy  exi>ert  knowledge,  has  pro- 
vided and  efficiently  protected  a  reserve  on  the  Commander  Islands, 
where  the  s<>a  otter  is  now  flourishing  and  a  valuable  industry  slowly 
reviving.  When  a.  single  good  skin  is  worth  1f4iX>  at  any  furrier's, 
the  whole  ix»wer  of  the  United  States,  as  at  present  exerted  in  such 
mattei's  (witness  the  buffalo  in  the  Yellowstone  Park),  is  incompetent 
to  protect  or  pivserve  an  animal  or  an  industry  against  the  [wacher 
on  her  own  soil.  S[>ain  may  recoil  in  defeat,  but  the  [xiacher  Iwldly 
scorns  the  guardians  of  a  reservation  and  jingles  the  dollars  in  his 
pocket.  We  may  therefore  give  up  the  case  of  the  sea  otter  as  hope- 
less.    Democnicy  has  its  disadvantages. 

There  remains  the  case  of  the  walrus.  There  were,  a  few  years  ago, 
several  small  herds  of  this  animal  existing  at  littk'-fre(|uented  points 
in  liering  Sea,     This  animal  seems  to  \n:  able  to  change  its  habits.     At 
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least,  the  main  walrus  population  ha^t  always  lived  on  the  edgew  of 
the  floe  ice,  which  advances  in  wint«r  to  the  latitude  of  the  Pribtlof 
Islands  and  retreats  with  the  melting  pack  ice  in  summer  to  the  Polar 
Sea.  Yet  certain  small  colonies  have  in  historic  times  always  existed 
in  certain  localities  winter  and  summer,  perhaps  attracted  by  an  excep- 
tional abundance  of  their  favorite  food.  A  small  bunch  of  walrus  for 
many  years  occupied  Walrus  Island,  of  the  Pribilof  group,  but  this 
was  an  assembly  of  a  peculiar  character.  It  was  entirely  composed 
of  old  males  driven  away  from  the  herds  by  the  comi>etitive  valor  of 
their  younger  and  more  active  congeners,  and  forming  a  sort  of  old 
gentleman's  club,  existing  in  torpid  dignity  away  from  an  atmosphere 
of  irritating  disrespect  We  are  informed  that  this  retreat  is  now 
untenanted  and  the  assembly  scattered  or  destroyed. 

The  walrus  feeds  on  clams,  sea  snails,  and  other  molliisks  of  the  kind 
which  frequent  sand  banks  in  shallow  water.  These  are  rooted  out  of 
the  sand  by  the  aid  of  the  powerful  tusks  and  swallowed  whole,  with 
a  stone  or  two  to  aid  digestion.  The  shells  pass  through  the  body  in 
the  natural  way  and  are  discharged  on  the  rookeries,  largely  in  an 
unbroken  state.  It  is  therefore  necessary  that  the  herd  should  have  a 
large  area  to  dig  over,  lis  such  enormous  animals  must  require  a  lai^ 
supply  of  food.  They  appear  t*)  increase  slowly,  and  being,  when 
well  fed,  of  a  rather  sluggish  disposition,  fall  an  easy  prey  to  the  hun- 
ter intent  on  ivory  or  oil.  1  undei-stand  that  the  Secretary  of  the 
Ti-easury  has  forbidden  the  wanton  shooting  of  these  animals  by  trav- 
elers bound  to  Nome,  who,  while  waiting  on  board  ship  for  the  ice  to 
open,  formerly  amused  themselves  in  this  way.  The  number  of  the 
animals  has  very  greatly  diminished  owing  to  destruction  by  whalers 
unable  to  get  any  whales,  who  a  few  years  i^^  attempted  to  make  up 
for  other  deficiencies  by  filling  up  with  walrus  oil  and  ivory.  This 
has  not  lieen  done  of  late  years  owing  to  the  great  distress  the  absence 
of  walrus  brought  upon  the  natives  of  the  Arctic  coast,  who  wore  very 
dependent  upon  them  for  food  and  coverings  for  their  boats.  The 
diminished  numlieru  of  the  animals,  of  whom  11,000  were  killed  in  a 
single  season  at  the  height  of  the  fishery,  have  also  tended  to  make 
their  pursuit  unprofitable. 

It  18  evident  that  the  walrus  can  not  be  preserved  in  confinement, 
nor  could  a  herd  flourish  in  a  restricted  area.  Their  preservation,  in 
the  case  of  the  small  herds  referred  to  as  stationary,  is  a  very  simple 
matter.  If  they  are  let  alone,  they  will  take  care  of  themselves,  as 
hitherto.  If  protected  from  the  poacher,  they  nwd  no  other  («re. 
The  way  to  keep  them  in  existence  is  not  to  kill  them.  They  will  do 
the  rest. 


^dbyGOQl^lC 


SOME  PRIVATE  ZOOS." 


By  F.  G.  Aplalo. 


Those  who  freely  criticise  the  scant  acconunodatton  allotted  to  many 
ininat«s  of  the  London  Zoo  are,  no  doubt,  expressing  a  very  com- 
meodable  sentiment;  but  they  do  not  appear  to  realize  that  it  is  a  case 
of  little  or  nothing,  and  that,  circumscribed  as  it  is  by  public  property, 
not  a  fraction  of  an  acre  can  be  added  to  that  corner  of  the  Regent's 
Park  already  covered  by  the  familiar  paddocks  and  buildings.  It  is 
another  matter  altogether  when  private  gentlemen,  with  the  right 
tastes  and  opportunities,  give  over  their  parks  to  beautiful  and  inter- 
esting animals  of  all  lands,  and  accord  them,  amid  enchanting  sur- 
roundings, a  liberty  which,  little  more  restricted  than  in  their  natural 
homes,  knows  little  of  the  perils  of  nature  and  nothing  of  the  cruelties 
of  sport.  The  majority  of  men  and  women  like  to  surround  them- 
selves with  favorite  animals;  and  if  we  must  sometimes  regret  the 
proclivity  when  we  see  larks  beating  tbeirwingsvainly  gainst  jealous 
bars,  we  can  have  nothing  but  appreciation  for  such  private  zoos  as  I 
have  selected  for  notice  in  the  present  article.  There  is,  us  a  rule,  no 
ulterior  motive  beyond  the  mere  pleasure  in  seeing  these  animals  well 
and  happy  in  their  new  homes,  though  in  some  few  instjinces,  it  is 
true,  the  fostering  of  science  or  sport  has  been  at  the  bottom  of  such 
experiments  in  acclimatization. 

The  Duke  of  Bedford  seems,  with  bis  hundreds  of  wild  deer  and 
antelopes,  cattle,  sheep,  and  goat",  which  luxuriate  at  Woburn  in  amaz- 
ing herds,  to  have  taken  over  the  scientific  ittsearch  once  pi-ojected,  but 
since  abandoned,  by  the  society  of  which  he  is  president.  The  .Tardin 
d'Acclimatation  in  Paris  is  similarly  interested  in  the  practical  side  of 
Introducing  useful  or  ornamentel  exotic  animals.  Sport,  again,  has 
l)een  responsible  for  the  introduction  inte  these  island.s,  at  more  or  less 
remote  dates,  of  the  pheasant,  red-legged  partridge,  and  »arp. 

If  we  have  borrowed,  we  have  also  lent;  and  our  red  grouse,  once 
found  only  in  the  United  Kingdom,  has  succeeded  so  well  in  parts  of 
Belgium  and  Germany  that  new  game  laws  are  now  necessary  for  its 
preservation  on  the  continent.     The  only  government,  however,  which 
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concerns  itself  with  such  operations  is,  if  we  except  the  more  or  less 
private  undertakings  of  more  than  one  reigning  sovereign,  that  of 
America,  in  whicli  the  game  and  fisheries  departments  of  the  chief 
States  devote  considerable  sums  of  money  to  the  introduction  of  suit- 
able game  beasts  and  birds. 

Private  enterprise  takes  with  us  the  place  of  public  usefulness,  and 
we  thus  have  in  our  midst  a  number  of  sportsmen  and  naturalists  who 
extend  their  protection  to  foreign  animals,  and  spend  their  money  in 
giving  them  every  chance  of  doing  well  amid  their  now  surroundings. 
I  have  chosen  four  of  these  zoos,  situated  in  widely  different  parts 
of  the  country,  to  illustrate  some  points  of  interest  in  the  man- 
cement  of  such  establishments,  and  all  of  these  I  have  visited  per- 
sonally. My  scheme  does  not  include  the  aforementioned  preser%'e  of 
Woburn,  nor  have  I  seen  the  famous  Japanese  deer  at  Powerscourt, 
where  Viscount  Powerscourt  was  the  first  to  aoclimatize  that  graceful 
species  as  a  park  animal.  At  the  same  time,  1  think  it  may  bo  shown 
that  these  four  animal  sanctuaries — they  are  Triog,  Vaynol,  Ha^era- 
toD,  and  Leonardslee — on  the  resources  of  which  I  have  drawn  for 
these  notes,  have  succeeded  under  sufficiently  marked  differences  of 
soil,  climate,  and  situation  to  encourage  anyone  who  may  contemplate 
establishing  yet  another  reserve  in  no  matter  what  district  of  England. 
Each  of  them  has  its  prominent  feature,  and  in  each  there  is.some  lack 
that  we  find  supplied  in  one  or  other  of  the  rest. 

1  suppose  that  of  all  four  Leonardslee  comes  nearest  to  the  ideal  for 
the  purpose.  Sheltered  by  the  South  Downs  its  sandy  soil  throws  up 
a  luxuriance  of  flowering  shrubs  and  appears  to  favor  all  manner  of 
foreign  trees,  do  matter  whence  Sir  Edmund  Loder  brought  them  in 
the  seed.  Its  hilly  tracts  are  in  parts  so  wild  that  London  might  well 
be  400,  instead  of  merely  40,  miles  away.  Its  climate  is  more  equable 
than  would  be  expected  so  near  the  home  counties;  and  the  higher 
portions  of  the  estate  are  bracing,  while  the  lower  hold  an  abundant 
supply  of  water  that  not  even  the  caprices  of  its  famous  beavers  can 
divert. 

Touching  Tring,  there  is,  I  think,  nothing  of  extreme  importance  to 
be  noted  with  reference  to  its  climate  or  situation;  but  Vaynol  and 
Haggerston  present  diametrically  opposite  physical  conditions,  their 
only  drawback  in  common  being,  perhaps,  a  too  heavy  rainfall  in  the 
wet  season.  While  the  latter  lies  between  the  imposing  slopes  of 
Snowdon  and  the  Menai  Strait,  amid  scenery  of  great  variety,  and  in 
a  soft  western  climate,  the  more  northerly  estate  is  on  the  lowland^i  of 
the  Northumbrian  coast,  exposed  to  every  cold  and  violent  wind  that 
blows  across  the  neighboring  North  Sea,  while  equally  bitter  winds 
reach  it  from  the  southwest,  straight  from  the  Cheviot  Hills,  that  are 
often  snow  clad  until  early  summer. 

The  feature  of  the  Hon.  Walter  Rothschild's  collection  at  Tring  is, 
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of  course,  the  excellently  ordered  private  museum,  the  stocking  of 
which  keeps  his  collectors  busy  in  all  parts  of  the  world.  Mr.  Roths- 
child has,  indeed,  deposited  so  many  of  bis  animals  in  the  London  Zoo 
that  it  is  not  easy  to  form  any  adequate  idea  of  all  the  curious  creatures 
that  he  has  brought  to  £ngland  without  visiting  both.  It  is  in  London, 
indeed,  that  we  find  most  of  his  gigantic  tortoises,  rescued  from  a  near 
extinction  in  the  southern  islands,  where  once,  cut  off  from  the  evil- 
doing  of  man  and  bis  dogs,  they  contrived  to  grow  to  such  mighty 
measurements.  Tring  Park  has,  however,  its  interesting  inhabitants 
as  well;  and  kangaroos  and  emus  roam  so  obviously  at  large  that,  but 
for  the  more  pleasing  variety  in  the  vegetation  of  the  northern  hemi- 
sphere, one  might  well  picture  it  a  comer  of  Australia.  At  H^- 
gerston,  on  the  other  band,  there  is  the  prospering  herd  of  American 
bison,  of  which  Mr.  Christopher  Leyland  takes  every  care;  while  at 
Vaynol  Mr.  G.  W.  Duff  Assbeton  Smith  has  his  wild  white  cattle. 

Visitors  to  Leonardslee,  too,  will  find  just  such  an  assembl^fe  of 
horned  game  as,  roammg  at  liberty  up  and  down  hills  intersected  by 
game  paths,  might  be  expected  to  conjure  up  pleasant  scenes  to  a. 
famous  traveler  whose  rifle  made  top  score  in  an  all-England  eight. 
The  Leonardslee  Museum,  too,  though  less  systematic  in  its  arrange- 
ment than  that  at  Tring,  is  more  purely  sporting,  showing  a  fine  col- 
ection  of  its  owner's  trophies. 

Unless,  as  in  the  case  of  the  wild  white  cattle,  there  is  any  techni- 
cal objection  to  interbreeding,  it  is  in  most  cases  usual  to  allow  the 
different  kinds  of  animals  to  intermingle  without  restraint;  and  now 
and  then,  even  in  the  seclusion  of  cage  or  paddock,  some  strange  part- 
nerships are  the  result.  At  Vaynol,  for  instance,  a  young  Sambur 
deer  and  pony  are  boon  companions,  and  have  a  field  to  themselves; 
while  in  the  building  in  which  Mr.  Assbeton  Smith  keeps  his  pumas 
and  monkeys  there  is  a  most  entertaining  trio  in  the  shape  of  two 
white  wolves  and  a  little  Malayan  bear.  Whenever  the  horseplay  of 
the  wolves  becomes  unendurable,  the  bear,  not  without  a  parting  cuff, 
makes  his  way  up  a  tree  and  out  into  the  open  air  above,  whither, 
since  d(^  can  not  climb,  the  wolves  are  unable  to  pursue. 

It  will  easily  be  understood  that  so  varied  a  collection  of  animals  as 
inhabits  each  and  all  of  these  zoos  includes  individuals  of  various 
degrees  of  shyness,  and  not  all  the  animals  may  be  seen  at  the  first 
attempt.  Only  on  my  sixth  night  at  Vaynol,  for  instance,  did  I  see 
the  wild  roe  deer  that  hide  away  in  the  dense  cover  beneath  the 
heronry ;  and  the  Leonardslee  beavers  are  still  more  secretive  than  the 
prairie  dogs  that  burrow  in  their  sandy  inclosure  on  the  hill  close 
beside  the  house,  baffling  all  but  the  most  skillful  and  patient  pho- 
tographers. It  is  to  Mr.  R.  B.  Lodge  that  I  am  indebted  for  the 
accompanying  picture  of  one  of  these  interesting  little  hermits,  most 
of  which  utter  their  angry  squeal  and  dive  below  as  soon  as  the 
intruder  comes  within  20  yards  of  their  watcfatowers.  C    noolc 


692  SOME   PBITATE   ZOOS. 

Haggerston  lies,  as  I  have  iwid,  on  the  hieak  coast  of  Northumber- 
land, and  the  visitor  must  alight  at  the  little  station  of  Beal,  changing 
out  of  the  express,  which  ignores  it,  into  a  slower  local  train  that  runs 
from  Newcastle  to  Berwick.  The  lodge  gat«8  adjoin  the  station,  and 
on  either  side  of  the  winding  track  that  leads  to  the  castle  are  inquisi- 
tive wapiti,  bison  (both  pure  and  half -breed),  gnus,  and  other  strange 
creatures.  The  crowning  success  of  a<rclimatization  is  fully  attested 
by  the  numbers  of  young  animals  intermingled  with  their  sires  and 
dams  (for  the  Nilghai  antelopes  of  ten  produce  twins);  and  there  are  the 
calves  of  the  zebu  and,  one  had  almost  added,  of  the  gnu,  but  that,  in 
spite  of  its  ox-like  exterior,  the  gnu  is  an  antelope  and  its  young  are 
in. consequence  styled  fawns. 

Although  we  see  before  us  miles  of  wire  fence  and  inclosed  buildings, 
there  is  liberty,  too,  for  the  Haggerston  animals;  and  at  one  turn  of 
the  road  Mr.  Tait,  who  has  charge  of  them  all,  points  out  a  rock- 
wallaby  reclining  lazily  in  the  branches  of  a  low  tree,  leafiess  this 
January  afternoon.  These  rock- wallabies  are  also  very  fond  of  tbe 
cedars,  which  they  ascend  to  a  great  height.  Bennett's  wallabies  and 
great  kangaroos  gaze  stnlidly  at  the  emus  and  black  swans,  maybe 
with  memories  of  a  distant  home  that  they  have  no  cause  to  regret. 
Right  through  the  grounds  goes  the  sluggish  Low,  its  waters  holding 
numbers  of  small  trout,  and  the  moaning  of  the  North  Sea  can  be 
heard  whenever  the  wind  blows  from  the  east.  The  eiims  and  rheas 
(their  South  American  cousins)  have  i)red  less  satisfa<'torily  these  past 
three  years,  a  falling  off  which  Mr.  Leyland  attributes  to  excessive 
rains,  and  more  particularly  to  late  frosts,  during  incubation.  This 
year,  however,  there  are  again  some  young  emus.  Japanese  apes  run 
free  in  a  large  inclosure,  but  no  families  have  so  far  blessed  their  cap- 
tivity. Mr.  Leyland  tells  me  that  he  started  this  wonderful  collection 
some  twenty  years  ago  in  Wales,  with  emus,  kangaroos,  pheasants, 
waterfowl,  and  various  small  birds.  Some  ten  years  ago  their  owner 
moved  north  and  took  with  him  his  herds  of  wapiti  and  bison.  It  is 
with  the  last  named  that  animal  lovers  must  always  associate  hiswork. 
Thanks  to  American  i-ailroad  enterprise  and  Indian  greed,  the  bison 
has  long  been  a  vanishing  type.  Indeed,  the  absolutely  wild  condi- 
tion knows  it  no  longer,  which  sad  fact  makes  it  the  more  gratifying 
that  the  Haggerston  herd  is  slowly  but  surely  on  the  increase.  Mr. 
Leyland  has  crosses  between  bison  bull  and  Highland  cow,  and  the 
heifers  have  for  two  generations  Iwen  bred  buck  to  pure  bison  bull. 
The  larger  birds  kept  in  the  paddocks  include  no  fewer  than  five  kinds 
of  cranes;  but  only  one,  the  Demoiselles,  have  ever  mated,  and  even 
they  did  not  hatch. 

Having  visited  Tring  in  Decemlier,  Haggerston  in  January,  and 
both  Leonardslee  and  Vaynol  in  the  loveliest  time  of  spring,  I  offer 
comparisons  with  all  reserve.     Tring,  however,  if  it  does  not  perhaps 
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offer  any  striking  variety  of  ijcenery,  never,  on  the  other  hand,  looks 
as  dour  as  the  north  country,  in  the  barrenn&ss  of  which  the  master  of 
Haggerston  has  niadc  his  paradise.  In  addition  to  its  sheep  and  cattle 
and  shire  horses,  domesticated  types  that  stand  apart  from  the  wilder 
subjects  of  these  notes,  Tring  has  close  on  a  hundred  Japanese  and 
fallow  deer,  about  thirty  kangaroos  and  wallabies,  rather  less  than  a 
score  of  emus,  and  some  rheas  and  cassowaries.  The.se  great  struthi- 
ous  birds  do  not  all  accommodate  them.selves  to  captivity  with  the 
same  thoroughness.  Thus,  while  the  emus  hatt^h  out  i-egularly  year 
after  year,  the  cassowaries  never  get  beyond  the  laying  stage. 

The  private  museum  at  Tring,  which  was  mentioned  above,  must  Ire 
one  of  the  finest  of  its  kind  in  the  world.  1  have  met  Mr,  Rothschild's 
collectors  at  work  in  southern  islands  and  continenks;  and  on  one 
ocrcasion  1  traveled  some  12,000  miles  in  company  with  mysterious 
chests  addressed  to  him,  the  contents  of  which  I  subsequently  had  the 
pleasui-e  of  seeing  in  their  new  quarters.  In  the  working  rooms  of 
his  museum  he  studies  and  writes  about  the  pheasants  and  other 
groups  of  ))irds  in  which  he  takes  a  special  interest,  and  his  pheasant- 
ries  contain  half  a  dozen  species,  including  the  elegant  pheasant,  not 
found  elsewhere  alive  in  Europe  except  at  Berlin.  It  would  be  unpar- 
donable to  write,  however  briefly,  of  Mr.  Rothschild  and  Tring  with- 
out some  allusion  to  his  successful  domestication  of  the  Burchell  zebra, 
whiidi  he  was  in  the  habit  of  driving  in  harnes.s.  Those  who  know 
anything  of  scebra  morals  will  admire  his  entei-prise.  Those  who  have 
a  ragard  for  him  and  his  work  will  not  be  sorry  to  hear  that  he  has 
handed  the  contumacious  brutes  over  to  a  cousin  who  resides  in 
Frarure. 

I  have  already  admitted  that  my  visits  to  botli  Leonanlslee  and  Vay- 
nol  were  mode  under  seasonal  conditions  that  i^howed  tho.se  beautiful 
places  at  their  fairest.  The  memory  of  Lconardslee  on  the  last  day  of 
April  is  as  of  a  corner  of  the  Kew  hothouses  gone  astray,  with  all  their 
wealth  of  rhododendrons  and  camellias,  a  wild  conglomeration  of  halt 
the  zoological  and  botanical  regions  that  lie  Iwtween  the  Tropics  and 
the  Poles.  Here  we  stand  beneath  a  tK)-foot  fir  tree  from  the  icy 
north  and  gaze  on  pmncing  gazelles  from  the  Arabian  Desert;  we 
move  into  the  slighter  shade  of  dwarf  firs  from  the  Atlas  Mountains; 
wallabies  from  Australia  and  axis  deer  from  the  E^t  gaze  wonder- 
ingly  at  us  from  behind  bushes  of  American  origin.  The  trees  and 
shrubs,  like  the  l>easts  and  birds,  have  apparently  made  themselves 
quite  at  home  on  a  soil  so  jioor  that  nature  would  seem  to  have  destined 
it  for  the  maintenance  of  nothing  aljove  mean  and  lowly  heaths.  A- 
closer  inspection  of  the  Ijeonardslee  Zoo  reveals  the  thorough  wildness 
of  the  animals.  Here,  within  H  miles  of  Horsham,  representative 
groups  of  the  fauna  of  three  continents  run  as  free  as  in  their  own 
lands.     The  skill  of  the  vet  can  never  reach  them;  Dallmeyer's  tele- 
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photograpbic  lens  alone  could  imprison  the  image  of  more  thas  ooe  or 
two  of  the  most  trusting.     Only  when  their  race  is  run  and  their  per- 
verted morality  calls  for  the  euthiina«ia  of  an  unerring  rifle  does  their 
owner  seek  them  out  and  end  each  doomed  career.     The  most  interest- 
ing members  of  this  assorted  family— the  eight  beavers  of  Montana 
stock— do  not  put  in  an  appearance  until  daylight  wanes,  and  thoae 
with  thoughts  of  evening  engagements  in  town  and  return  trains  must 
be  content  with  the  sight  of  their  wonderful  dams  and  take  the  eng'i- 
neers  themuelves  on  trust     Further  negative  and  positive  evidence, 
too,  of  their  restlei^  energy  they  may  find  in  the  pfpeetacle  of  splen- 
did traes  either  sheathed  with  iron  mail  against  those  untiring  teeth 
or  else  gnawed  thixiugh  more  than  a  moiety  of  their  thickness.     The 
wood  that  is  given  to  them  every  day  provides  both  nourishment  and 
exereise,  xince  the  saplings  of  beech  or  fir  are  propped  upright  in  the 
earth,  and   the  beavers  have  to  work  bard  for  each  meal  of  bark. 
Nature  has  furnished  the  beaver  cio  that  it  mu^jt  either  labor  unceas- 
ingly or  sicken  to  the  death,  and  work  they  do  beyond  any  other 
creature  un  earth.     No  strikes,  no  eight-hours'  creed;  but  an  aston- 
ishing application  to  the  work  of  destruction.     The  woods  provided 
for  the  colony  at  Leonardslee  are  not  of  the  hai-dest,  but  Sir  Eklmund 
Loder  ha.s  in  his  museum  a  mighty  fragment  of  British  oak,  the  iron 
hardness  of  which  was  uo  match  for  their  teeth.     Indeed,  one  would 
not  at  fii-st  sight  gather  the  meaning  of  that  unobtrusive  specimen  of 
damaged  wood,  hidden  away  as  it  is  in  that  jostling  crowd  of  elephant, 
boar,  tiger,  antelope,  goat,  and  gazelle,  all  brought  back  by  the  owner 
from  the  sands  and  snows  of  four  continents.    The  Leonardslee  beavers 
have  so  daiumed  the  water  in  which  they  make  their  home,  that  no 
visitor  would  lie  likely  to  trace  unaided  its  original  course  to  the  sea. 
Nature  is,  however,  sometimes  stronger  than  even  the  beavera,  and 
there  was  a  sorry  spate  two  yeai*s  back  that  washed  the  beavers  a  dis- 
tance of  2  miles  into  some  eel  traps,  from  which  they  were  presently 
rescued  and  reatoi'ed  to  their  anxious  owner.     Old  female  beavers 
occasionally  make  mischief  in  the  otherwise  peaceful  little  colony;  for 
like  old  hen  grouse,  they  grow  very  jealous  of  their  juniors  once  they 
have  done  with  the  softer  emotions  of  life,  and  their  pugnacity  is 
ipcurable.     When  their  case  is  thus  past  remedy,  they  are  eliminated. 
An  operation  is  also  sometimes  needed  for  the  overgrowing  teeth,  and 
it  takes  five  men  to  hold  a  self-respecting  l>eaver  still  enough  f(>i'  the 
purpose,  one  gripping  each  leg,  while  a  fifth  keeps  the  ever-ready  teeth 
gripped  on  a  piece  of  soft  wood.     It  would,  I  imagine,  take  a  Mussul- 
'man  to  photograph  beavers  in  the  natural  state.    Theordinary  patience 
of  Western  photographers  is  not  equal  to  the  ordeal.     But  your  Mus- 
sulman would  uncomplainingly  sit  beside  his  subject's  dwelling  for  a 
month  or  two,  never  leaving  his  post  for  such  petty  considerations  as 
rest  or  refreshment,  and  he  would,  with  a  whispered  ^'  lashaUahl"  of 
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eternal  hope,  but  otherwise  without  a  murmur,  wadte  dozens  of  pUtetj, 
and  at  len^b  success  would  be  hk. 

At  the  antipodes  of  shynesei,  as  of  homeland,  are  the  great  kangaroos. 
Now,  the  kangaroo  is  in  its  own  country  anything  but  confiding.  Ita 
impressive  30- foot  leaps  have  kept  me  on  hands  and  knees,  with  a  heary 
Winchester  rifle  slung  over  my  neck,  by  the  hour,  and  it  never  reposed 
in  me  that  pei'feot  trust  which  would  have  enabled  an  easy  shot.  Fluk- 
ing kangaroos  at  ^WO  or  400  yards  is  not  exhilarating  sport,  as  anyone 
might  understand  if  he  tried  catapulting  grasshoppers  at  50.  The  con- 
ditions as  to  movement  and  size  of  the  target  would  approximate.  At 
Leonardslee,  however,  the  only  rifle  that  ever  breaks  the  stillness  is 
that  with  which  Sir  E^lmund  Loder  practices  at  his  private  ranges; 
and  the  beasts  have  got  to  know  and  disregard  its  voice.  So  the  kan- 
garoos come  quite  close  to  even  the  stranger,  and  have  in  consequence 
no  secrets  from  the  camera.  The  Japanese  deer,  on  the  other  hand, 
which  seem  to  have  learnt  their  leaping  tricks,  remain  out  of  focal 
range,  and  nothing  but  the  telephotography  one  of  which  Mr.  Walter 
Winans  has  kindly  went  me  from  his  deer  park  at  Suri-enden,  will 
avail.  The  big  game  of  Leonardslee,  however,  is  usually  collected  on 
a  high,  grassy  plateau  on  the  farther  side  of  some  pheasant  coverts, 
and  our  sudden  appearance  round  a  bend  sends  herds  of  browsing 
moufflon  and  Barhary  sheep,  in  a  moment  of  forgotten  confidence, 
prancing  over  the  sky  line.  Among  the  rarities  mention  should  per- 
haps be  made  of  a  pair  of  Marica  gazelles,  the  only  living  specimens, 
I  believe,  in  Europe. 

The  best  known  prot^g^s  of  the  Squire  of  Vaynol  are  perhaps  his 
wild  white  cattle,  of  Sir  John  Orde's  old  Kilmory  stock  with  a  cross 
of  Athol  bull.  Visitors  to  the  Zoological  Ciardens  during  the  past 
year  or  so  must  have  noticed  the  Vaynol  cow,  with  her  little  white  calf 
by  a  Chartley  sire.  The  remaining  herds  of  British  wild  cattle  are 
not  more  than  three  or  four  in  number,  and  those  at  Vaynol  were 
established  there  by  the  present  owner.  Though  never  aggressive, 
they  are  very  wild  in  the  sense  of  resenting  the  close  approach  of 
strangei-s,  as  the  unsatisfactory  result  (given  at  the  head  of  this  arti- 
cle) of  several  hot  days  of  stalking  them  in  various  pai-ts  of  the  park 
will  bear  witness.  There  is  usually  a  herd  of  deer  mingled  with  the 
cattle,  and  both  graze  close  to  the  house  and  round  the  lake.  Just 
before  uiv  stay,  a  cow  had  come  to  grief  right  under  the  window.s, 
and  had  to  be  shot;  andforseveral  nights afterthe  eventamlghty  bull 
tigh^  took  place  In  the  moonlight  on  that  spot — an  episode  that  might 
perhaps  have  been  valued  more  at  a  less  restful  hour  of  the  twenty- 
four.  The  calves  are  noticeably  whiter  than  their  elders,  which  seem 
to  assume  a  varying  degree  of  yellow  or  cream-color  as  they  advance 
in  yeai's.  Of  hares,  Vaynol  has  three  kinds  (the  English,  Scotch,  and 
Iiish),  and,  for  all  I  should  care  to  swear  to  the  contrary,  about  three 
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million  of  them.  There  are  other  dwellers  in  the  park,  however;  and 
there  is  room  for  them,  seeing  that  the  wall  inclosing  it  rans  a  good 
8  miles  under  ite  chevaux-<le-friae  of  slate.  There  are  Indian  pigmy 
cattle  (a  very  recent  addition),  sheep  from  Iceland  and  St,  Kilda,  emus, 
rheas,  herons,  wild  roe,  and  an  appalling  abundance  of  game  and 
domestic  stock  that  would  l)reak  the  heart  of  a  census  enumerator. 
Then,  too,  there  are  the  wild  hoar  recently  presented  by  His  Majesty 
the  King.  I  assisted  (in  thu  French  sense  of  the  word)  from  the  security  ' 
of  a  high  wall  in  their  litieration  from  the  crates  in  which  they  had 
traveled  overnight;  and  they  are  now  accommodated  in  an  ideal  pig- 
gery— fourteen  acres  of  tlry  and  sloping  woodland  fenced  in  and  over- 
looking the  (airri^fe  drive — which  Mr.  As.sheton  Smith  had  specially 
constructed  for  their  reception.  Of  all  that  disbanded  Windsor  herd, 
none,  I  trow,  will  find  better  quartei-s.  Vayno!  has  no  museum,  for 
the  Squire  likes  his  animals  alive;  but  there  is  a  bijou  menagerie,  from 
which  the  London  Zoo  might  learn.  The  monkey  house,  for  instance, 
has  optional  outdoor  playing  grounds,  reached  by  way  of  trees  and  a 
tunnel;  while  the  golden  and  imperial  eagles  are  able  to  stretch  their 
wings  in  large  inclosures,  and  look  very  diflorent  fmni  the  pictures  of 
misery  usually  presented  by  these  great  fowl  in  captivity.  And  this, 
1  take  it,  is  the  striking  note  of  difference  between  the  private  and  the 
public  zoo.  The  latter  must  always,  whether  it  be  the  property  of  a 
scientific  society  or  whethei'  it  be  run  as  a  syndicate  investment,  be 
conducted  on  economic  lines  that  promise  a  return  on  <'apita]  sunk  in 
its  construction  and  upkeep.  The  private  zoo,  on  the  other  hand,  is 
kept  np  solely  for  the  comfort  of  the  animals  and  the  pleasure  of  the 
owner  in  seeing  them  happy  and  prosperous.  There  is  no  question  of 
restricted  quarters,  insufScient  food,  inadequate  artificial  heating  or 
ventilation.  As  much  as  possible  is  left  to  nature,  and  the  rest  is 
very  carefully  adjusted  in  close  imitation  of  her  best  conditions  in 
the  lands  from  which  these  atti-active  strangers  were  originally 
brought. 
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THE  NATIONAI.  Z(X)  AT  WAHHIXIiTOX.-  A  STUDY  OK  ITS 
ANLMAL8  IN  KKLATJO.V  TO  THEIK  NATURAL  ENVl- 
KONMENT. 


By  Ernest  Thompson  Seton. 


I. 

At  the  bepnnning  of  this  century  tho  continont  of  North  America 
was  one  vast  and  t^'oming  gHnic  ninfrt'-  Not  only  were  the  hulTalo  in 
millions  ac^rosM  the  MiNsissippi.  lint  other  large  game  was  fully  as 
abundant,  though  less  eonsplcuous.  Herds  of  oik,  numbering  10,000 
or  15,000,  were  coniinonly  seen  aiong  the  Upper  Missouri.  The  ante- 
lope ranged  the  higher  plains  in  herds  of  thousands;  whitetail  deer, 
though  less  gregarious,  were  seen  in  l>ands  of  hundreds;  while  bighorn 
eheep,  though  still  less  (iispowed  to  gather  in  largo  flocks,  were  rarely 
out  of  sight  in  the  lower  pjirt-i  of  the  eastern  Rockies,  and  it  was  quite 
usual  to  see  seieral  hundn'd  lilucktail  in  the  course  of  a  single  day's 
travel. 

But  a  change  set  in  when  the  pioneer  Aincrtc'ans,  with  their  horses, 
their  deadly  rifles,  their  energy,  and  their  taste  for  murder,  ]>egan  to 
invade  the  newly  found  West. 

The  settlers  increased  in  humliers,  and  the  rifles  lie^'ftme  more  deadly 
each  year;  but  the  animals  did  not  impn>vp  in  speed,  cunning,  or 
fecundity  in  an  equal  ratio,  and  so  wen;  dcfeatc<l  in  the  .struggle  for 
life,  and  started  on  the  down  grade  t^iward  extinction. 

Aside  from  sentimental  or  assthetic  reas<ni.s,  which  I  shall  not  here 
discu.ss.  the  extinction  of  a  large  or  highly  organized  animal  is  a  .serious 
matter. 

1.  It  is  always  dangerous  to  fli.sturb  the  l>alance  of  nature  by  remov- 
ing a  poise.     Some  of  the  worst  plagues  have  arisen  in  this  way. 

2,  We  do  not  know,  without  much  and  can'ful  experiment,  how 
vast  a  service  that  animal  might  have  done  to  mankind  as  a  domestic 
species. 

The  force  of  this  will  lxi  more  ai)parent  if  we  recollect  how  much 
tne  few  well-known  domestic  species  h&xc  done  for  the  advancement  of 

■Reprinlci,  l,y  pemiiwici,  of  tin-  nntli'ir  an-l  ..f  Tlic  C-entiiry  Company,  from  The 
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our  race,  Wbo  can  decide  which  has  done  more  for  maofcind,  the 
cow  or  the  steam  engine,  the  horse  or  electricity,  the  sheep  or  the 
printing  press,  the  dog  or  the  rifle,  the  ass  or  the  loom?  No  ooe, 
indeed,  can  pronounce  on  these,  yet  all  on  reflection  feel  that  there  is 
reason  in  the  comparisons.  Take  awny  these  inventions,  and  we  are 
put  back  a  century,  or  perhaps  two;  but  further,  take  away  the  domes- 
tic animals,  and  we  arc  i-cduocd  to  absolute  savagery,  for  it  wao  they 
who  first  made  it  possible  for  our  aboriginal  forefathers  to  settle  to 
one  plat^e  and  learn  the  rudiments  of  civilization. 

And  it  is  quite  possible,  though  of  course  not  demonstrable,  that 
the  humble  chuckie  barn-fowl  has  been  a  larger  benefactor  of  our  race 
than  any  mechanical  invention  in  our  possession,  for  there  is  no  inhab- 
ited country  on  earth  to-day  where  the  barn  fowl  is  not  a  mainstay  of 
health.  There  are  vast  regions  of  South  America  and  Europe  where 
it  is  thn  mainstay,  and  nowhere  is  there  known  anything  that  can  take 
its  place,  which  is  probably  more  than  can  be  said  of  anything  in  the 
world  of  mechanics. 

Now,  if  the  early  hunters  of  these  our  domestic  animals  had  suc- 
ceeded in  exterminating  them  before  their  stock  was  domesticated, 
■  which  easily  might  have  been,  for  domestication  succeeds  only  after 
long  and  persistent  effort  and,  in  effect,  a  remodeling  of  the  wild 
animal  by  select  breeding,  the  loss  to  the  world  would  have  been,  a 
very  serious  matter,  probably  much  more  serious  than  the  loss  of  any 
invention,  because  an  idea,  being  born  of  other  ideas,  can  be  lost  but 
temporarily,  while  the  destruction  of  an  organized  being  is  irreparable. 

And  we  to-day,  therefore,  who  deliberately  exterminate  any  large 
and  useful,  possibly  domesticable,  wild  animal,  may  be  doing  more 
harm  to  the  country  than  if  we  had  robbed  it  of  its  navy. 

This  is  the  most  obvious  economic  view  of  the  question  of  extermi- 
nation. But  thei-e  is  another,  a  yet  higher  one,  which,  in  the  end, 
will  prove  more  tndy  economic.  We  are  informed,  on  excellent 
authority,  that  man's  most  important  business  here  is  to  "know 
himself.'' 

Evidently  one  tan  not  comprehend  the  nature  of  a  wheel  in  a 
machine  l)y  study  of  that  wheel  alone;  one  nmst  consider  the  whole 
machine  or  fail.  And  since  it  is  established  that  man  is  merely  a 
wheel  in  the  great  machine  called  the  universe,  he  can  never  arrive  at 
a  comprehension  of  himself  without  study  of  the  other  wheels  also. 
Therefore,  to  know  himself  man  must  study  not  only  himself,  but  all 
things  to  which  he  is  related.  This  is  the  motive  of  all  scientific 
research. 

There  is  no  part  of  our  environment  that  is  not  tilled  with  precious 
facts  bearing  on  the  'great  problem,'  and  the  nearer  they  are  to  us 
the  more  they  contain  for  us.  He  who  will  explain  the  house  spar- 
row's exemption   from   bacteriological   infections,  the  white   bear's 


TBK   NATIONAI.   ZOO    AT   WASHINGTON.  699 

freedom  from  troubles  that  we  Httrihute  to  uric  acid  in  the  blood,  or 
the  buffalo's  and  the  flamingo's  inimunity  from  tbo  deadliest  inalarift, 
is  on  the  way  to  conferring  like  immunities  on  man.  I-^'b  advance 
of  science  enables  us  to  get  more  facts  out  of  the  same  source,  so  that 
something  that  is  studied  to-day  may  yield  a  hundred  times  the  value 
that  it  could  or  did  ten  yeant  ago;  and  if  that  source  of  knowledge 
happens  to  be  perishable.,  one  can  do  the  race  no  greater  harm  than  by 
destroying  it. 

The  Sibylline  books  were  supposed  to  contain  all  necessary  wisdom; 
they  were  destroyed,  one  by  one.  because  the  natural  heir  to  that 
wisdom  did  not  realize  their  value.  He  did  waken  up  at  last,  but  it 
was  too  late  to  save  anything  except  a  fmgment.  What  Tarquin  did 
to  the  books  offered  by  the  Cumiean  Sibyl,  our  own  race  in  America 
has  done  to  some  much  more  valuable  iKXtks  offered  by  nature.  To 
illustrate:  Fjich  animal  is  in  itself  an  inexhaustible  volume  of  facts 
that  man  must  have,  to  solve  the  gi'eat  problem  of  knowing  himself. 
One  by  one,  not  always  deli^>erately,  these  wonderful  volumes  have 
been  destroyed,  and  the  fa<'ts  that  might  have  been  read  in  them  have 
been  lost. 

It  is  hard  to  imagine  a  greater  injury  to  the  world  of  thought, 
which  is,  after  all,  the  real  world,  tlian  tlie  destruction  of  one  of  these 
wonderful  unread  volumes.  It  is  possible  that  the  study  of  "man" 
would  suffer  more  by  the  extinction  of  some  highly  organized  animal 
than  it  did  by  the  burning  of  the  Alexandrian  library.  This  is  why 
men  of  science  have  striven  so  earneatly  to  save  our  native  animals 
from  extinction. 

In  1878  there  were  still  millions  of  buffalo  in  the  West.  That  year 
the  Northern  Pacific  Railroad  opened  up  the  Missouri  region,  and 
the  annual  slaughter  was  greatly  increased.  In  18S2  there  were  still 
thousands  of  buffalo.  In  1884  all  were  gone  but  a  few  small,  .scattered 
bands.  In  1885  there  were  probably  less  than  five  hundred  buffalo 
left  alive  in  the  United  States.  In  188lj  an  expedition  fitted  out  by 
the  Government  secured  with  great  difficulty  enough  .-ipccimens  to 
make  the  mounted  groups  in  the  National  Museum,  and  it  was  then 
clear  that  unless  the  authorities  took  immediate  and  vigorous  steps, 
the  buffalo,  within  a  year  or  two,  would  cease  to  exi.st. 

About  this  time  there  appeared  a  number  of  articles  by  well-known 
observers,  calling  attention  to  the  fact  that  the  buffalo's  fate  was  also 
awaiting,  in  the  near  futui-e,  all  our  finest  animals,  the  probable  order 
of  extinction  being  buffalo,  elk,  antelope,  moose,  bighorn  sheep, 
mountain  goat,  mule  deer,  Virginia  deer;  and  the  farthest  probable 
date  for  the  ruthless  consummation  was  put  at  twenty  years  hence. 
It  required  no  great  argument  to  convince  the  public  of  the  truth  of 
these  writers'  main  statements.  It  was  obvious  that  no  possible  good 
was  to  be  gaiued  by  exterminating  these  harmless  animals,  for  the 
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love  of  slaughter,  not  the  need  for  their  tikin,  flesh,  or  range,  was  the 
incentive;  and  the  public,  though  not  yet  able  to  look  on  these  animalis 
an  the  student  does,  nevertheless  i-ealized  that  it  was  about  to  be  robbed 
of  something  valuable  b}'  a  few  mean-spirited  and  selfi:jh  hunter:^. 

Additional  point  wa^^  given  to  the  obvious  moral  by  the  t^ireumstance 
that,  through  its  far-reaching  systom  of  correspondence,  the  Smith- 
sonian Institution  was  continually  receiving  gifts  of  living  animals, 
which,  for  lack  of  space  to  keep  them,  had  either  to  W,  turned  into 
de^  specimens  or  given  away  to  outside  zoos,  or  else  n?turned  to  their 
donors. 

This  was  the  .state  of  affairs  in  18H7,  when  the  newly  appt)inted  Sec- 
retary of  the  Institution,  Mr.  S.  P.  Laiigley,  who,  though  an  astrono- 
mer and  a  physicist,  had  Ijoen  very  strongly  impressed  by  the  fact 
that  all  our  largest  and  most  interesting  native  animals  were  rapidlj' 
approaching  extinction,  conceived  the  idea  of  securing  a  ti-actof  coun- 
try, as  primitive  as  possible,  that  might  be  made  a  lasting  city  of 
i-efuge  for  the  vanishing  mces.  This  was  the  main  idea,  when  fii'st 
Mr.  Langley  went  before  Congress  to  urge  the-  establishment  of  a 
national  zoological  park. 

In  all  ages  it  has  been  the  custom  of  potentates  to  keep  a  collection 
of  wild  animals  for  their  amusement,  and  the  American  people,  Iwinff 
their  own  ruler,  had  numberless  precedents  before  them  when  urged 
to  make  this  much-needed  (xtliection  of  animals. 

In  such  a  case  the  advantage  of  a  monarchy  is  that  only  one  man 
must  be  convinced,  whei-eas  in  the  republic  the  consent  of  a  majority 
of  seventy  millions  had  to  t>e  obtained. 

This  took  time.  Fierce  battles  hud  to  ne  fought  with  ignorant  and 
captious  politicians.  One  objected  that  he  did  not  see  why  the  people 
should  pay  "to  have  the  Nebra-ska  elk  and  Florida  alligators  cooped 
up."  If  they  had  to  spend  money  for  it  they  would  want  things  they 
could  not  sec  at  home — dog-faced  l>alioons,  kangaroos,  maii-oating 
tigers,  etc.  Another,  a  fervent  patriot,  objected  to  any  money  being 
spent  on  exotic  species,  as  it  was  conti-ary  to  the  spirit  of  the  Consti- 
tution to  encour^e  or  import  foreigners! 

Altogether  the  Secretary  of  the  Smithsonian  found  it  no  easy  bill  to 
carry,  though  it  was  indorsed  by  nearly  every  s<'ienti8t  and  edu<-Ator 
in  the  country. 

After  three  years  of  peraistent  effort,  involving  vastly  more  wori-y 
than  the  management  of  the  whole  Smithsonian  Institution  for  three 
times  that  jjeriod,  Mr.  Langley  succeeded  in  carrying  both  Houses  of 
Congress  over  the  successive  stages  of  ridicule,  toleration,  and  favor- 
able consideration,  to  the  point  of  awepting  and  providing  for  the 
scheme. 

An  appropriation  was  made  for  a  national  zoological  park  to  be 
established  in   the  District'of   Columbia  for  the  "advancement  of 
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science  and  the  instruction  and  amu«oment  of  the  people,"  as  well  aa  a 
city  of  refuge  where  those  "native  animals  that  were  threatened  with 
extinction  might  live  and  perpetuate  their  species  in  peace." 

An  appropriation  of  1-200,000  was  made,  but  it  was  <4ogged  with 
several  irksome  conditions.  One-half  the  expense  was  to  be  paid  by 
the  District  of  Columbia,  thereby  giving  the  commission  a  control 
which  changed  the  plan,  making  the  collection  more  like  the  ordinary 
menagerie.  No  animals  were  to  be  bought,  which  was  much  like  a 
rich  man  building  himself  a  picture-gallery,  and  saying,  "  Now,  if  my 
friends  choose  to  present  me  with  pictures,  all  right.  Til  house  them; 
but  I've  done  enough  for  myself  in  building  the  gallery.''  And  yet, 
though  falling  short  of  its  promoter's  original  wish,  the  scheme  ha.s 
notably  progressed,  and  no  one  who  is  capable  of  measuring  the  future 
of  the  institution  can  doubt  that  in  founding  this  park,  where  those 
'' native  animals  that  were  threatened  with  extinction  might  live  and 
perpetuate  their  species  in  peace,"  (.Engross  has  done  more  for  the 
learning,  science,  and  amusement  of  the  nation  than  it  would  in 
expending  a  much  larger  amount  in  a  university,  a  theater,  and  a 
choice  library  combined;  for  the  fields  of  the  three  are  already  well 
covered,  but  the  park,  by  preserving  the  nation's  heritage  of  wild 
animals,  has  opened  important  regions  of  biological  research  and 
zoological  art. 

He  was  a  wise  old  farmer  who  said  to  his  son,  "John,  make  sure 
of  your  land,  and  everything  else  will  take  care  of  itself."  The  whole 
appropriation  was  wisely  expended  in  securing  land,  and  although 
scientists  have  not  the  highest  reputation  for  business  sense,  the 
Park's  projector  wa.s  enough  of  a  business  man  to  secure  land  that 
would  now  fetch  at  least  ten  times  what  was  paid  for  it  ten  years  ago, 

It  comprises  lt)7  acres  of  land,  beautifully  diversified  with  wcKwis 
and  streams,  in  the  suburbs  of  the  city  of  Washington  -land  which 
the  S<(Ci*etary  had  discovered  years  before  when  on  rides  for  recrea- 
tion, and  the  absolute  fitnes.s  of  which  for  the  purpose  in  hand  had 
been  helpful  in  developing  the  original  plan.  It  included  the  histor- 
ical grounds  and  building  of  the  Quincy  Adams  Mill  and  the  classical 
old  Holt  House;  but,  better  still,  it  secured  a  region  that  had  always 
been  a  familiar  resort  of  the  native  birds  and  quadrupeds  of  the  Dis- 
trict of  Columbia,  affording  the  best  of  expert  testimony  in  favor  of 
it*)  salubrity.  Mr.  I^angley  recognized  the  merit  of  Mr.  W.  T.  Homa- 
day,  the  well-known  naturalist  and  taxidermist,  and  obtained  bis  able 
and  energetic  superintendence  during  the  earliest  formative  period  of 
the  park;  ami  when  ho  wa-s  called  to  duties  elsewhere,  Dr.  Frank 
Baker  took  up  the  burden,  and,  under  the  direction  of  the  Secretary, 
whose  other  duties  have  never  interfered  with  the  attention  he  has 
given  to  bis  own  creation  (the  park),  it  has  l>een  carried  on  with  all  the 
success  that  could  l)e  expected  under  conditions  of  inadequate  support. 
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Thus  the  National  Zoo  "was  founded  under  coiiditionK  that  illustrate 
in  a  cuiiouH  way  the  adage  that  the  onlooker  sees  more  than  the 
players.  Goethe,  the  poet,  surrounded  hy  zoologists,  was  the  first  to 
point  the  true  way  for  zoological  scieDce;  it  waw  for  Franklin,  the 
philosopher-printer,  to  teach  his  contemporaries  bow  a  perfect  fire- 
place might  be  made;  and  ao  also  Langlcy,  the  physicist,  though  sur- 
rounded by  zoologists,  has  beeu  the  first  to  discern  the  pressing  need 
of  the  study  of  American  zoology. 

The  circumstances  which  led  up  to  the  idea  were  then  unusual,  a»  the 
plan  itself  was  unique.  There  have  been  many  menageries  in  which  the 
animals  were  confined  in  box  cages,  and  there  have  t>een  many  game 
parks  where  the  various  animals  int^iosed  have  wandered  at  will,  with 
no  barrier  but  the  outward  wall  of  the  grounds;  but  this  was  to  be  the 
first  zool<^cal  collection  in  which  each  kind  of  animal  was  to  have  a 
park  of  its  own,  where  it  could  live  as  its  race  should  live,  among 
natural  surroundings,  with  as  little  restraint  as  was  compatible  with 
its  safe-keeping.  The  available  acreage  was  barely  enough  to  allow  of 
the  park  scheme  being  extended  to  our  more  important  native  animals, 
so  that  the  foreigners,  particularly  those  from  the  tropic  regions,  are 
perforce  managed  as  in  the  better  class  memories  elsewhere.  But 
the  glory  of  the  place  is  in  ibs  individual  parks.  The  fencing  used  is 
of  the  invisible  kind,  which  rarely  intrudes  itself  on  the  observer,  and 
yet  is  strong  enough  to  i-esti-ain  the  biggest  buffalo.  The  ample 
stretches  of  woods  and  hills  in  each  inclosure  are  unmarred  by  its  lines, 
and  the  effect  is  as  nearly  as  possible  of  seeing  animals  in  the  open. 

Here  they  live,  and  no  doubt  enjoy  their  lives,  and  the  observer  has 
a  chance  to  see  tliem  pretty  much  as  they  were  in  their  native  range. 
They  group  themselves  naturally  among  trees  and  rocks,  while  the 
uneven  ground  induces  attitudes  of  endless  variety,  and  the  close 
imitation  of  natural  conditions  causes  the  animals  to  resume  the 
habits  native  to  their  lives  in  a  wild  state,  thus  affording  the  zoologist 
and  the  artist  an  opportunity  for  study  never  before  equaled  among 
captive  animals. 

The  scheme  is  of  course  in  ite  infancy  yet  Wonders  have  been 
dotie  with  small  appropriations,  but  many  of  its  essential  divisions  have 
not  yet  been  touched. 

The  antelope  are  provided  with  a  little  plain,  and  the  deer  have  a 
small  woodland  where  none  can  harm  them  or  make  them  afraid. 
The  buffalo  has  its  little  rolling  prairie  land,  where  it  may  bring  forth 
its  young  without  fear  of  the  deadly  omnipresent  riffe,  and  regardless 
of  its  ancient  foe,  the  ever-near  gra}'  wolf,  that  used  to  hang  on  the 
outskirts  of  the  herds  to  kill  the  mother  at  her  helpless  time,  or  fail- 
ing, to  sneak  around,  ready,  like  an  arrow  in  a  bent  bow,  watching  his 
chance  to  spring  and  tear  the  tender  calf. 

Here,  indeed,  the  elk  can  bugle  his  far-sounding  love-song  in  the 
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fall,  without  thitrehy  making  bin  utand  the  center  of  a  rush  of  ruthless 
hunters.  But  many  of  our  forest  animals  are  still  unprovided  for. 
The  bi^hoi-n  sheep,  the  coast  blacktail,  the  mule  deer,  the  moose,  and 
the  mountain  goat,  a3  well  as  the  grizzly  bear,  so  rapidly  following 
the  buffalo,  have  as  yet  no  refuge  in  the  National  Zoo. 

It  is  too  lat«  to  talk  of  such  species  as  the  great  auk,  the  Labrador 
duck,  and  the  West  India  seal;  and  in  one  year,  or  at  most  two  years, 
unless  Congress  is  willing  to  devote  the  price,  or  at  least  half  the  price, 
of  a  single  big  gun  to  it,  the  world  will  have  lost  forever  the  great 
Alaskan  bear,  the  largest  and  most  wonderful  of  its  race. 

II. 

The  paddock  immediately  to  the  left  on  entering  by  the  west  gate  of 
the  Zoological  Park  ttrings  us  face  to  face  with  the  first  game  animals 
that  met  the  eyes  of  the  Pilgrim  Fathers,  as  well  as  those  of  the  first 
settlers  of  Virginia:  and  it  is  tolerably  certain  that  General  Washing- 
_  ton  himself  hunted  the  superb  creature,  the  Virginia  deer,  over  this 
very  ground  where  it  is  now  protected  in  the  city  of  Washington  and 
assured  a  little  land  of  lasting  peace. 

Of  all  the  American  game  animals  the  Virginia  or  whitetail  deer  is 
the  greatest  success  as  a  species;  that  is,  it  has  developed  a  better  com- 
bination of  hardiness,  fecundity,  speed,  intelligence,  keen  wits,  and 
adaptability  than  any  of  its  relatives,  and  thei-eforc  maintains  itself 
better  in  spite  of  the  hunter.  Its  ancient  range  covered  all  of  the 
United  States  east  of  the  Rockies,  as  well  as  part  of  Canada,  and 
to-day,  notwithstanding  guns,  more  numerous  and  deadly  each  year, 
there  are  whitetail  deer  in  every  part  of  their  original  range  that  still 
contains  primitive  woods. 

In  the  list  giving  the  probable  order  of  extinction  of  our  great  game 
it  will  be  seen  that  the  Virginia  deer  stands  last,  despite  the  fact  that 
it  is  the  only  one  in  that  list  whose  home  is  in  the  thickly  settled  East- 
ern States.  An  incident  will  show  the  respect  in  which  hunters  hold 
the  whitetail's  gift  for  taking  care  of  himself. 

During  Octol>er  of  1899  1  was  staying  at  a  camp  on  the  east  side  of 
the  Rockies.  One  morning  a  miner  came  in  and  reported  that  he  had 
started  four  doer  less  than  a  mile  away.  Meat  was  scarce,  and  a  hunter 
present  l)ocauie  keenly  interested. 

"  Wliitetails  or  blacktailsT'  said  he. 

*'  Whitetails,"  said  the  miner. 

"That  settles  it,"  said  the  hunter,  resuming  his  seat  by  the  fire. 
"If  they  were  blacktails  I'd  get  one  within  a  mile,  but  a  scared  white- 
tail  knows  too  much  for  me." 

Although  some  of  the  deer  in  this  paddock  were  born  in  the  park, 
they  show  many  of  their  wild  habits.  During  the  heatof  the  day  they 
lie  hidden  among  the  bushes  at  the  back  end  of  their  range;  but  early 
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in  the  morning  or  late  in  the  evening  thpy  come  to  the  watering  place 
in  the  open,  and  if  alarmed  there  they  make  for  the  tree«,  raiBing  aod 
waring  as  tbey  go  the  ''white  flag"  famous  in  all  hunting  lore. 

This  eonspicuous  action  might  seem  a  mistake  in  an  animal  that  is 
seeking  to  escape  unnoticed;  hut  the  sum  of  advantage  in  the  habit  is 
with  the  deer,  or  he  would  not  do  it,  and  its  main  purpose  will  be  Heen 
in  one  very  important  and  frequent  situation.  A  mother  deer  has 
detected  danger;  she  gives  a  silent  but  unmistakable  notification  to 
her  fawns  by  i-aising  the  "danger  flag,"  a  whit«  one  in  this  case;  and 
then  when  she  leads  away  through  the  woods  they  are  enabled  to  keep 
sight  of  her  in  the  densest  thickets  and  darkest  nighte  by  the  aid  of 
the  shining  heacon,  which  is  waved  in  a  way  peculiar  to  this  species, 
and  is  not  therefore  liable  to  I»e  mistaken  for  the  white  patch  on  any 
other  animal. 

In  the  sign  language  of  the  Indians  the  gcHtui-e  for  whitetail  deer  is 
made  up  of  the  general  sign  for  deer,  and  then  a  waving  of  the  flat 
open  band  with  fingei-s  up,  in  imitation  of  the  banneret  as  it  floats 
away  through  the  woods. 

The  form  adopted  for  the  whitetails'  |>addock  is  the  result  of  expe- 
rience. It  waf  found  that  the  animals  became  alarmed  tometimesand 
dashed  along  the  invisible  fences,  until  suddenly  met  by  another  at 
right  angles,  and  in  this  way  several  were  hurt;  but  the  improved 
plan  of  sulistituting  obtuse  angles,  or  a  curve  at  the  corners,  causes 
them  to  lie  turned  aside  without  injury. 

One  can  not  linger  many  minutes  by  the  Virginia  deer  paddock 
without  seeing  some  of  those  gorgeous  Asiatics,  the  peacocks,  walking 
about  among  the  thicket  or  negotiating  the  wire  fences  with  absolute 
precision  whenever  it  suits  their  purpose  to  do  so.  The  original  half 
dozen  birds  have  increased  to  a  hundred,  and  the  vast  stretch  (several 
hundred  acres  for  them)  iif  l)r<iken,  wooded  country  is  so  perfectly 
suited  to  their  needs  that  they  give  us  a  very  good  imitation  of  life  in 
the  Indian  jungle.  During  the  wint^^r  they  roam  about  in  promiscu- 
oua  troops,  but  when  the  early  spring  comes  and  the  cot^k  is  in  his  full 
regalia  the  mating  instinct  prompts  them  to  si'iitter,  and  each  family 
withdraws  to  a  part  of  the  jungle — the  park.  I  mean — that  is  under- 
stood to  be  theirs,  and  to  defend  vrhich  the  cock  is  ready  to  do  battle 
with  all  feathered  intruders. 

Close  to  the  deer  paddock  is  a  sunny  open  glade  that  was  for  long 
the  spet^ial  domain  of  one  particular  peacock.  All  almut  it  is  thick 
shrubbery,  where  the  soberly  dres.sed  hens  might  have  been  seen  quietly 
moving  about,  paying  no  obvious  heed  to  their  gorgeous  partner,  who 
mounted  habitually  on  a  little  sand  bank  and  spread  and  quivered  his 
splendid  jewelry  in  the  sun,  turning  this  way  and  that  way  to  get  the 
best  effect,  occasionally  answering  the  far-away  call  of  some  rival  with 
a  defiant  "qua,"  or  replying  to  the  dynamite  explosions  in  a  near 
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qu&tty  with  a  peculiar  "bizz,"  the  exact  meaning  of  which  1  have 
iaiVA  to  discover. 

The  daily  display  here  and  in  many  parta  of  the  park  gives  the 
observer  a  chance  to  see  the  geometric  perfection  of  the  pattern  made 
by  the  "eyes"  when  the  peacock's  train  is  raised.  I  reproduce  a  dia- 
gram of  thia  made  and  published  some  years  ago,  when  iirat  I  discov- 
ered the  mathematics  of  this  miracle  in  feathcrw,     (Plate  HI.) 

On  crossing  the  i-oad  from  the  deer  paddock  toward  the  middle  and 
more  open  part  of  the  park  the  .stranger  is  likely  to  come  suddenly 
■  on  a  band  of  antelope.  They  seem  to  bu  grazing  along  their  native 
upland  prairie,  not  far  from  timber,  and  the  visitor,  if  he  have  any  of 
the  feeling  of  the  hunter-naturalist,  is  sure  to  feel  the  same  little  thrill 
that  would  come  if  he  met  with  them  thus  in  the  wild  West.  He  haa 
ample  time  to  admire  and  watch  their  chi.nging  and  picturesque  group- 
ing before  he  realizes  th^t  between  him  and  them  is  the  slight  but 
necessary  wire  fence.  The  effect  of  this  invisible  fence  is  seen  on 
the  animals  if  they  have  been  undisturbed  for  some  hours,  as  well  as 
on  the  onlooker;  for  the  sudden  appearance  of  a  human  being  close 
at  hand,  with  no  massive  screening  barrier  Iretween,  causes  them  to 
behave  for  a  moment  much  as  they  did  when  wild  and  free,  and  their 
startlement  is  erpressed  in  pose  and  act  exactly  as  it  might  have  been 
on  their  native  wilds;  but  they  soon  realize  that  they  are  safe  and  no 
harm  is  done.  The  erected  mane  and  rump  patch  sink  and  the  ani- 
mals resume  their  feeding,  leaving,  nevertheless,  on  the  air  a  peculiar 
musky  odor  that  is  quite  strong  when  one  is  on  their  Ice  side. 

Some  years  ago,  while  riding  across  the  upland  prairie  of  the  Yel- 
lowstone, not  very  far  from  where  these  very  antelope  ha<l  been  cap- 
tured, I  noticed  certain  white  specks  in  the  far  distance.  They  showed 
and  disappeared  several  times,  and  then  began  moving  southward. 
Then,  in  another  direction,  I  discovered  other  white  specks,  which 
also  seemed  to  flash  and  disappear.  A  glass  showed  them  to  be  ante- 
lope, but  it  did  not  wholly  explain  the  flashing  or  the  moving  which 
ultimately  united  the  two  bands.  I  made  note  of  the  fact,  but  found 
no  explanation  until  the  opportunity  came  to  study  the  antelope  in  the 
Washington  Zoo.  I  had  been  quietly  watching  the  gi-azing  herd  on 
their  hillside  for  some  time;  in  fact,  I  was  sketching,  which  is  quite 
the  beat  way  to  watch  an  animal  minutely.  I  was  so  quiet  that  the 
antelope  seemed  to  have  forgotten  me,  when,  contrary  to  rules,  a  dog 
chanced  into  the  park.  The  wild  antelope  habit  is  to  raise  its  head 
every  few  moments  while  grazing,  to  keep  it  -jharp  lookout  for  danger 
and  these  captives  kept  up  the  practice  of  their  race.  The  first  that 
did  so  saw  the  dog.  It  uttered  no  sound,  but  gazed  at  the  wolfish- 
looking  intruder,  and  all  the  long  white  hairs  of  the  rump  patch  were 
raised  with  a  jerk  that  made  the  patch  flash  in  the  sun  like  a  tin  pan. 
Every  one  of  the  grazing  antelope  saw  the  flash,  repeated  it  instantly, 
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and  raised  his  head  to  gaze  in  the  direction  where  the  first  was  gazing. 
At  the  same  time  1  noticed  on  the  wind  a  peculiar  musky  smell — a 
smell  that  certainly  came  from  the  antelope. 

Some  time  later  the  opportunity  came  to  make  r.  careful  dissectioo 
of  the  antelope's  rump  patch,  and  the  keystone  to  the  arch  of  facts  was 
supplied.  My  specimen,  taken  in  Jacksons  Hole,  was  a  male  under 
six  months  old,  so  that  all  the  proportions,  and  indeed  the  character, 
are  much  less  developed  than  in  the  adult.     (Plate  III.) 

The  fresh  skin  was  laid  flat  on  a  board,  and  then  the  pattern  nod 
mechanism  of  the  rump  patch  were  clearly  seen.  The  hairs  at  the 
upper  part  of  the  patch  (A)  were  33  inches  long,  grading  to  the 
center  (B)  and  lower  parts,  where  they  were  only  IJ  inches  long,  all 
snowy  white,  and  normally  lying  down  flat,  pointing  toward  the  rear. 
At  the  point  B,  among  the  roots  of  the  hair,  was  a  gland  secreting  a 
strong  musk.  On  the  under  side  of  the  skin  was  a  broad  sheet  of  mus- 
cular fibers,  which  were  thickest  around  B;  they  have  power  to  change 
the  direction  of  the  hair,  so  that  all  below  B  stands  out,  and  all  above 
is  directed  forward.  As  soon,  therefore,  as  an  antelope  sees  some 
strange  or  thrilling  object,  this  muscle  acts,  and  the  rump  patch  is 
changed  in  a  flash  into  a  great  double  disk  or  twin  chrysanthemum  of 
white,  that  shines  afar  like  a  patch  of  snow;  but  in  the  middle  of  each 
bloom  a  dark  brown  spot,  the  musk  gland,  is  exposed,  a  great  quantity 
.  of  the  odor  is  set  free,  and  the  message  is  read  by  all  those  that  have 
noses  to  read. 

Of  all  animals  man  has  the  poorest  nose;  he  has  virtually  lost  the 
sense  of  smell,  while  among  the  next  animals  in  the  scale  scent  is  their 
best  faculty;  yet  even  man  can  distinguish  this  danger  scent  for  many 
yards  down  wind,  and  there  is  no  reason  to  doubt  that  another  ante- 
lope can  detect  it  a  mile  away. 

Thus  the  observations  on  the  captive  animals  living  under  normal 
conditions  prove  the  key  to  those  made  on  the  plains,  and  I  know  now 
that  the  changing  flecks  in  the  Yellowstone  uplands  were  made  by  this 
antelope  heliograph  while  the  two  bands  signaled  each  other,  and  the 
smaller  band,  on  getting  the  musky  message,  "Friends,"  laid  aside  all 
precaution  and  fearle*ish'  joined  their  relations. 

This  animal  has  five  different  sets  of  glands  about  it,  each  exuding  a 
different  kind  of  musk  for  use  in  its  daily  life,  as  a  means  of  getting 
and  giving  intelligence  to  its  kind.  These  are  situated  one  on  each 
foot  between  the  toes,  one  on  each  angle  of  the  jaw,  one  on  the  back 
of  each  hock,  one  on  the  middle  of  each  disk  on  the  rump,  and  one  at 
the  base  of  the  tail. 

Those  on  the  jaw  seem  related  to  the  sexual  system,  as  they  are 
largest  in  the  buck;  those  on  the  rump,  as  seen,  have  a  place  in  their 
heliogrophic  code;  and  the  purpose  of  the  others,  though  not  yet  fully 
Worked  out,  is  almost  certainly  to  serve  in  conveying  the  news.    To 
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illustrate:  An  antelope  passes  along  a  certain  plain,  oats  at  one  plat^e, 
drinks  at  another,  lies  down  at  a  third,  in  pursued  by  a  wolf  for  half  a 
mile,  when  the  wolf  gives  up  the  unequal  race,  and  the  antelope  escapes 
at  his  ease.  A  Becond  antelope  comes  along.  The  foot  scent  from  the 
interdigital  glands  marks  the  course  of  his  relative  as  clearly  for  him 
as  the  track  in  the  snow  would  for  us.  Its  strength  tells  him  some- 
wlrnt  uf  the  time  elap^ied  since  it  was  made,  and  its  individuality  tells 
him  whether  his  predecessor  was  a  stranger  or  a  personal  friend,  just 
as  surely  as  a  dog  can  tell  bis  master's  track.  The  frequency  of  the 
tnicka  shows  that  the  first  one  was  not  in  haste,  and  the  hock  scent, 
exuded  on  the  plants  or  ground  when  he  lay  down,  informs  the  second 
one  of  the  action.  At  the  place  where  the  wolf  was  sighted,  the  sudden 
diffusion  of  the  rump  musk  on  the  surrounding  sagebrush  will  be  per- 
ceptible to  the  newcomer  for  hours  afterwards.  The  wide  gaps  between 
the  traces  of  foot  scent  now  attest  the  speed  of  the  fugitive,  and  the 
cause  of  it  is  clearly  read  when  the  wolf  trail  joins  on.  This  may  sound 
a  far-fetched  tale  of  Sherlock  Holmes  among  the  animals,  but  not  so 
if  we  remember  that  the  scent  faculty  is  better  than  the  sight  faculty 
in  these  animals,  while  their  sight  faculty  is  at  least  as  good  as  ours, 
and  that,  finally,  if  all  this  had  been  in  the  snow  we  also  could  have 
read  it  with  absolute  precision. 

The  pronghorned  antelope,  or  prongbuck  of  books,  is  the  only 
homed  ruminant  in  North  America  that  has  only  two  hoofs  on  each 
foot.  Nature's  economic  plan  has  been  to  remove  all  parts  that  cease 
to  l>e  of  use,  and  .so  save  the  expense  of  growing  and  maintaining  them. 
Thus  man  is  losing  his  back  or  wisdom  teeth  since  civilized  diet  is 
rendering  them  useless.  The  ancestor  of  the  antelope  had  four  boofa 
on  each  foot,  like  a  deer  or  a  pig,  but  the  back  pair  on  each  foot  has 
been  dropped.  At  an  earlier  step  the  common  ancestor  of  antelope 
and  deer  had  five  well-developed  toes  on  each  extremity,  but  it  seems 
that  while  this  makes  an  admirable  foot  for  wadding  in  treacherous 
swamps,  it  is  for  mechanical  reasons  a  slow  foot;  the  fewer  the  toes 
the  greater  the  speed.  The  deer  still  living  in  swamps  could  not 
afford  to  dispense  entirely  with  the  useful  little  hind  or  mud  hoof. 
There  they  are  still  for  bog  use,  though  much  modified  from  the  original 
etjual-toed  type,  more  nearly  shown  in  the  pig.  But  the  antelope, 
living  on  the  hard,  dry  uplands  had  no  use  for  bogtrotters.  and 
exchanged  them  for  a  higher  i-ate  of  speed,  so  that  it  now  has  only  two 
toes  on  each  foot. 

The  horse  family  went  yet  further,  for  they  lived  in  a  region  where 
evolution  went  faster.  They  shunned  the  very  neighborhood  of  swamps; 
all  their  life  was  spent  on  the  firm,  dry,  level  country ;  speed  and  sound 
feet  were  their  very  holds  on  life,  and  these  they  maintained  at  their 
highest  pitch  by  adopting  a  foot  with  a  single  hoof-clad  toe. 

There  is  one  other  remarkable  peculiarity  of  the  antelope  to  note, 
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aod  that  is  its  horns.  The  ox  and  sheep  tribes  of  the  world  have  sim- 
ple horns  of  true  homy  material  permanently  growing  on  a  bony  core 
which  is  part  of  the  skull.  The  deer  have  horns  of  branched  foim 
and  of  bony  material  sprouting  from  the  head,  but  dropping  off  to  be 
renewed  each  year.  Our  antelope  is  the  only  animal  in  the  world 
whoso  weapons  are  of  true  horn  growing  on  a  bony  core,  as  in  the  ox 
tribes,  yet  branched  and  dropping  off  each  year,  as  in  the  deer. 

It  is  now  an  axiom  of  science  that  not  the  smallest  detail  in  without 
a  distinct  purpose,  for  which  it  ha-s  been  carefully  adapted  after  ages 
of  experiment;  yet  long  ago  Darwin,  the  apostle  of  the  belief,  con- 
fessed himself  puzzled  by  the  form  of  the  antelope's  horns.  It  seemed 
as  though  a  simple,  straight  spike  would  be  so  much  more  effective. 
If  the  great  philosopher  had  been  with  me  in  the  Washington  Zoolt^- 
ical  Park  that  day,  his  puzzle  would  have  been  solved  for  him  by  two 
of  the  antelopes  themselves.  They  were  having  one  of  their  period- 
ical tights  for  the  mastery;  they  approached  with  noses  to  the  ground, 
and  after  fencing  for  an  opening  they  closed  with  a  clash,  and  as  they 
thrust  and  parried  the  purpose  of  the  protig  was  clear.  It  served  the 
antelope  exactly  as  the  guard  on  a  bowie-knife  does  a  Mexican  or  that 
on  a  foil  does  a  swordsman,  for  countless  thrusts  that  would  have 
slipped  up  the  horn  and  reached  the  head  were  caught  with  admirable 
adroitness  in  this  fork. 

And  the  intiirned,  harmless-looking  points!  I  had  to  watch  long 
before  I  saw  how  dangerous  they  might  be  when  the  right  moment 
arrived.  Aft«r  several  moments  of  fencing  one  of  the  bucks  got  under 
the  other  one's  guard,  and  making  a  sudden  thru.st,  which  the  other 
failed  to  catch  in  the  fork,  he  brought  hts  inturned  left  point  to  bear 
on  the  unprotected  throat  of  his  opponent,  who  saved  himself  from 
injury  by  rearing  quickly,  though  it  seemed  to  me  that  such  a  move 
could  not  have  stopped  a  fatal  thrust  if  they  bad  really  l^een  fighting 
a  deadl}'  duel. 

m. 

It  is  a  common  saying  among  keepers  that,  averaging  one  animal 
with  another,  a  menagerie  must  l>e  renewed  every  three  years.  Yet 
I  know  of  one  manager  who  kept  most  of  his  animals,  those  of  Wood- 
ward's Gardens,  San  Francisco,  alive,  healthy,  and  happy  from  the 
beginning  of  his  time  to  the  end,  sixteen  years  later,  when  the  estab- 
lishment was  broken  up,  and  the  animals  were  ordered  to  be  shot  in 
their  cages.  The  great  secret  of  his  succe.ss,  be  tells  me,  was  caring 
for  their  minds  as  well  as  for  their  bodies. 

It  is  a  well  known  fact  that  lions  and  many  other  animals  in  traveling 
circuses  are  healthier  and  live  longer  than  those  in  ordinary  menage- 
ries. At  first  one  might  think  that  the  tiuveling  animals  get  more 
fresh  air  and  exercise  than  the  others.  Yet  this  is  not  the  case,  for  the 
circus  cage  is  always  very  small  and  cramped.     While  traveling  it  is 
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UBualVy  abut  up,  and  when  showing  it  is  in  the  tent,  always  a  dnifty, 
i\\-vei\tilated,  foul-8meIling  place.  The  great  advantage  of  the  circus 
is  the  constant  change  of  scene— the  varied  excitetuents  that  give  the 
animals  sometJiing  to  think  about,  and  lieep  them  from  torpid  habits 
and  mental  morbidness. 

It  has  long  been  known  that  caged  animals,  especially  the  highly 
organized  kinds,  suffer  from  a  variety  of  mental  diseases.  Mi'.  Ohni- 
mus,  the  superintendent  referred  to,  informs  me  that  camels  and  sevei-al 
other  species  commonly  end  their  cage  lives  in  lunacy.  The  camels 
turned  loose  in  Arizona  some  yeai's  ago  were  reduced  at  length  to  one 
oWmale.  Incourscof  tiraehissolitarylifeaffectedhisbrain.  Accord- 
ing to  local  tradition,  he  went  crazy,  and  used  to  attack  every  living 
creature  near,  until  he  was  killed  by  n  mount«d  cowboy  whom  he  had 
pursued  with  murderous  intent. 

Captive  bears  are  apt  to  fall  into  a  sort  of  sullen  despondency. 
Foxes  and  cats  often  go  crazy,  and  no  matter  how  obviously  mental 
the  disease,  it  is  usually  set  down  to  hydrophobia,  and  the  unanswered 
question  is,  How  did  they  get  it?  Dogs  that  are  constantly  chained 
up  commonly  become  sullen  and  dangerous.  The  higher  apes  and 
baboons  rarely  thrive  in  cages.  Soon  or  late  they  become  abnormally 
vicious,  or  else  have  a  complete  physical  breakdown.  All  this  is  so 
human,  and  so  emphasizes  the  gi'eat  truth  of  evolution,  that  the  wise 
keeper  seizes  on  the  cue,  and  in  his  management  of  his  charges  treats 
them  like  human  beings  of  a  lower  development  than  himself. 

Many  a  man  shut  up  in  a  cell  has  saved  his  mind  by  inventing  some 
trifiing  amusement  It  is  recorded  that  one  set  a  daily  watch  on  the 
movements  of  a  spider.  Another  tried  how  many  times  he  had  to  toss 
live  pins  before  they  fell  in  just  the  same  way.  Another  tried  to  run 
10  miles  each  day  in  his  narrow  limits.  Yet  another  busied  himself 
inventing  new  arrangements  for  the  two  or  three  articles  of  furniture 
in  his  cell.  Many  haVe  paced  up  and  down  each  day  for  a  number  of 
hours.  And  whatever  they  did,  all  alike  were  seeking  to  put  in  time, 
to  while  away  the  awful  tedium  of  their  monotonous  lives,  to  respond 
to  the  natural  craving  for  exercise,  and  to  save  their  minds  and  bodies 
from  actually  withering  from  disuse. 

If  instead  of  "human  captives"  we  read  "wild  animals"  in  all  this, 
we  shall  have  a  very  fair  portrait  of  what  we  may  see  every  day  in  an 
ordinary  men^erie.  Why  does  the  elephant  swing  to  and  fro  forever 
from  his  chain  picket?  Why  does  ho  gather  from  the  floor  all  the 
atraw  he  can  reach,  throw  it  over  his  Utu^k  and  over  the  stable,  to  be 
regathered  later?  Why  does  thtt  squirrel  enter  and  work  for  hours 
the  aimless  treadwheel,  and  the  marten  leap  listlessly  half  a  day  from 
point  to  point— floor,  perch,  slot,  box;  floor,  perch,  slat,  box— again 
and  again,  with  monotonous  sameness  day  after  day?  Why  does  the 
lone  ostrich  waltz  far  more  than  does  his  wild  kinsman  that  has  many 
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admiring  spectators  of  his  own  kind,  and  why  do  the  fox  and  the 
wolverene  trot  miles  and  miles  of  cage  front  every  dayi  Why  does 
the  bear  roll  and  tumble  for  hours  over  the  same  old  wooden  tiall  as  if 
it  were  a  new-found  chum;  or,  if  no  ball  in  supplied,  swing  back  and 
forth  on  pivotal  hind  foot  for  hours  each  day?  Why  does  the  rhi- 
noceros keep  on  forever  nosing  at  some  projection  that  his  horn  can 
iilmoMt  fasten  under,  till  it  gets  more  and  more  elusive  through  the 
smoothening  of  perpetual  use?  Why  do  wolves  and  monkeys  put  in 
hour»  and  hours  over  humble  duties  that  in  their  wild  state  were  the 
work  of  a  few  minutes  at  most?  To  all,  the  answer  is  the  same  as  to 
the  similar  query  about  the  man  prisoner.  They  are  putting  in  time. 
They  are  responding  to  the  natural  craving  for  exercise.  They  are 
trying  to  pass  the  tedium  of  their  hopeless  lives.  They  are  doing 
anything — everything — their  poor  brains  can  suggest  to  while  away 
the  weary  drag  of  dull,  eventless  days.  Their  bellies  are  well  cared 
for,  or  at  least  are  always  plentifully  cared  for,  but  how  few  keepers 
have  learned  that  in  each  animal  is  a  mentalitv.  large  or  small,  that 
ought  to  be  considered! 

Here  is  where  Ohnimus  scored.  He  tried  to  make  their  lives  inter- 
esting. The  excitement  of  the  chase  must  necessarily  be  denied  those 
animals  whose  nature  prompts  them  that  way,  but  one  of  his  first  and 
most  successful  moves  was  made  in  consideration  of  their  special  case. 
He  divided  the  single  meal  of  all  flesh-eating  animals  in  two;  the  same 
in  quantity  each  day,  but  a  light  morning  meal  and  a  light  afternoon 
meal.  Thus,  he  "gave  them  something  more  to  think  about."  It 
made  two  breaks  in  the  day's  monotony,  and  Jn  time  it  unquestionably 
bore  good  fruit. 

Another  variation  was  made  by  changing  them  into  new  c-^es.  An 
animal  soon  learns  a  ci^  by  heart.  He  knows  every  bar  and  bolt, 
and  every  trifling  roughness  in  wall  or  floor.  He  can  walk  to  and  fro 
without  his  eyes  if  need  be.  But  putting  him  into  a  new  cage  is  like 
opening  to  him  a  new  life.  Everything  new  and  to  be  learned  must 
naturally  create  new  interests,  and  be  of  corresponding  benefit,  unless 
it  has  come  too  late. 

There  is  a  pathetic  story  of  an  old  tiger  that  had  passed  his  life  in  a 
traveling  cage  until  in  a  railway  accident  his  car  and  his  cage  alike 
were  overturned  and  broken  open.  The  tiger  was  unharmed,  and  he 
passed  out  through  the  broken  grating,  and  for  the  first  time  since  he 
left  India  as  a  cub  he  was  free,  standing  untiammeled,  with  the  whole 
world  open  to  him.  But  all  his  splendid  powers  were  gone  or  were 
dwarfed.  He  seemed  appalled  by  the  new  i-esponsibilities.  After  a 
moment's  hesitation  he  declined  the  freedom  that  had  come  too  late 
and  crawled  back  again  into  his  narrow  cage,  realizing  that  this  was 
the  only  thing  that  he  was  fit  for  now. 

One  of  the  beat  expedients  of  all  to  enliven  and  brighten  the  lives  of 
the  caged  animals  is  friendship  with  the  keeper.     There  was  no  such 
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thing  as  solitary  coafinemeDt  in  Woodward's  Gardens.  Every  prb- 
onei'  there  had  at  least  one  powei'ful  friend  who  was  always  near  and 
ready  to  attend  to  all  his  wants,  including  the  craving  for  sympathetic 
companionship  which  few  animals  are  entirely  without. 

But  all  these  allayments  are  mere  expedients.  The  real  plan  is  to 
restore  the  natural  conditions.  We  are  slowly  grasping  the  idea, 
taught  by  the  greatest  thinkers  in  all  ages,  that  the  animals  have  an 
inalienable,  God-given  right  to  the  pursuit  of  happiness  in  their  own 
way  as  long  as  they  do  not  interfere  with  our  happiness.  And  if  we 
must  for  good  reasons  keep  them  in  prison,  we  are  bound  to  make 
their  condition  tolerable,  not  only  for  their  sakes,  but  for  our  own, 
because  all  the  benefit  that  we  can  get  out  of  them  in  bondage  is 
increased  in  proportion  as  we  slacken  their  bonds  within  the  limits  of 
judicious  restraint. 

If  a  Chinaman  aftei-  going  through  Sing  Sing  were  to  say,  "  I  have 
heard  much  of  the  high  mentality,  the  attainments,  and  the  refinement 
of  the  white  race,  but  these  seem  to  me  merely  a  lot  of  sullen,  stupid 
brutes,"  it  would  about  parallel  the  case  of  an  ordinary  menagerie 
viewed  by  an  ordinary  onlooker.  If  we  wish  to  enjoy  the  btiauty  of 
the  animals,  or  study  their  development  and  learn  how  it  bears  on  our 
own,  we  must  see  them  living  their  lives.  This  can  not  be  done  in 
box  cages,  is  very  difficult  in  the  wilds,  and  is  easily  possible  only  in 
a  zoological  park. 

Occupation  and  plenty  of  good  food  are  not  the  only  things  needful 
to  a  well-rounded  life.  No  matter  how  cared  for,  fed,  and  housed, 
the  wcupanb*  of  every  well-known  monkey  house  were  formerly 
afflicted  with  coughs,  colds,  and  luug  diseases,  that  made  their  at>ode 
like  a  hospital  and  irarried  off  the  inmates  at  plague  rates,  so  that  but 
few  monkeys  saw  their  second  season  in  confinemeDt.  All  sorts  of 
remedies  were  tried  without  avail;  hothouses  with  natural  accessories, 
continual  medical  treatment,  and  all,  failed  to  lower  the  death  rate. 
At  last  it  occurred  to  the  monkey  keeper  of  a  European  zoo  that  all 
this  coddling  would  tw  very  bad  for  a  human  being,  ao  why  not  bad 
for  monkeys '.  He  decided  to  treat  them  like  fellow -creatures;  he  dis- 
carded the  stuffy  hothouses;  he  gave  his  monkeys  free  access  to  the 
pure  air  and  the  sun,  in  a  cage  as  large  as  he  could  get  it,  large  enough 
to  give  room  for  excn^ise,  and  the  result  was  that  coughs  and  colds 
l>egan  to  disappear.  The  death  rate  rapidly  fell ;  each  month  and  year 
"that  passed  gave  fuller  indorsement  to  the  idea.  In  short,  he  had 
learned  the  art  of  monkey-keeping. 

Each  advance  of  knowledge  has  emphasized  these  great  principles 
that  the  lower  animals  are  so  like  ourselves  that  to  keep  them  in  health 
we  must  give  some  thought  to  their  happiness,  and  in  aiming  at  both 
we  nmst  accept  the  ordinary  principles  obtained  from  study  of 
ourselves. 

These  are  among  the  considerations  that  shaped  the  scheme  of  the 
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National  Zoo  at  Washington;  or,  more  comprehensively  put,  the 
restoration  of  the  natuml  conditions  of  each  animal  was  the  main 
thought  in  Mr.  Laiigley's  plan — a  plan  that,  though  not  yet  fully 
realized,  has  been  more  than  justified  by  the  results. 

IV. 

In  the  center  of  the  park  la  the  coon  tree.  This  very  tree  had 
undoubtedly  been  climbed  many  a  time  by  the  wild  coons,  within  a  few 
years,  before  it  was  selected  to  be  the  center  of  a  little  coon  kingdom. 
It  is  now  the  abode  of  over  30  thrifty  specimens,  which  live  their  lives 
here  much  as  they  once  did  in  the  woods,  and  thei'e  is  no  reason  to 
suppose  that  they  suffer  in  any  way,  since  all  their  needs — food,  shel- 
ter, companionship,  and  amusement — are  cared  for.  They  have  indeed 
all  the  good  things  that  their  wild  brctliren  have,  excepting  only  that 
there  is  a  limit  to  their  liberty. 

Usually  they  may  be  seen  all  day  sunning  themselves  in  the  high 
crotches,  and  the  sunnier  the  day  the  higher  the  crotch,  so  that  they 
are  a  living  l>arometer.  When  there  is  a  pi-ospect  of  continued  fine 
weather  the  coons  climb  up  as  far  as  they  can  safely  go,  and  at  a  dis- 
tance  they  look  like  fruit  .-5till  hanging  on  the  tree.  But  in  doubtful 
weather  they  sit  lower  and  nearci'  the  trunk;  thero  they  look  more 
like  nests,  and  give  the  tree  the  appearance  of  a  rookery;  while,  in 
a  storm,  all  descend  and  huddle  together  in  the  great  hollow  trunk 
that  lies  on  the  ground  below  and  at  all  times  serves  as  the  bedroom 
of  the  colony. 

The  scientific  name  of  the  coon  means  "  washer,"  and  one  of  his  pop- 
ular names  is  "  wash  bear,"  from  the  peculiar  trick  he  has  of  carefully 
washing  all  his  food.  This  interestingly  Mosaic  ha>iit  the  coons  keep 
up  in  captivity,  no  matter  how  clean  the  moi-sel  or  how  doubtful  the 
water  may  be;  and  as  their  tactile  |>aw  is  busied  soaking  the  next  piece 
of  provender,  their  eyes  take  in  the  sjuri'oundings  as  though  they  were 
not  needed  in  the  supposed  purification  of  the  food.  These,  of  course, 
are  habits  learned  in  the  woods.  The  coon  feeds  along  the  edges  of 
the  creeks  and  ponds,  picking  up  crawfish,  frogs,  and  other  mud- 
dwellers.  Then,  having  secured  them,  he  is  careful  to  clean  them  off 
in  thair  native  stream,  so  as  not  to  eat  mud  with  every  course.  And 
this  being  a  matter  he  lain  very  well  leave  to  his  very  sensitive  fingers, 
his  eyes  are  judiciously  employed  in  scanning  the  woods  about,  either 
for  more  game  or  to  guard  against  l)eing  made  game  of  himself  by 
some  powerful  enemy. 

Tliose  who  have  seen  the  little  ones  when  they  are  old  enough  to  be 
brought  to  the  water  by  their  mother,  and  there  receive  their  first 
lessons  in  frog  hunting,  describe  them  as  doing  everything  just  as  she 
does,  copying  her  in  all  things,  dubbing  their  paws  in  the  mud  as  their 
watchful  eyes  rove  about  scanning  the  neighboring  woods. 
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Anotiier  iiiicrocosm,  and  even  more  picturesque  than  that  for  the 
coons,  is  the  one  planned  for  the  mountain  fiheep,  but  atill  delayed  for 
lack  of  means.  Mr.  Langley  projMWjes  to  int-lose  a  tract  of  several 
acres  of  rocky,  hilly  land,  more  or  less  covered  with  timber,  and 
tberein  to  establish  a  miniature  of  the  Rot^ky  Mountains,  where  the 
bighorn  sheep  and  his  neighbors,  the  <»lling  bare  and  the  mountain 
marmot,  may  live  together  and  show  us  howtbey  used  to  live  at  home. 

There  are  many  obscure  problems  of  life  history  and  environment 
that  might  demonstrate  themselves  in  an  invlosure  of  this  sort.  To 
illustrate  the  complexity  of  such  questions:  The  presence  of  the  peli- 
cans on  Pelican  Island,  Yellowstone  Lake,  is  declared  by  authority  to 
be  essential  to  the  life  of  the  parasites  that  infest  the  trout  of  the  same 
waters,  since  at  one  stage  the  parasite  lives  in  the  bird.  This  case  is 
of  a  type  that  is  common.  No  man  can  say  now  whether  or  not  the 
general  failui-e  in  other  zoos  to  preserve  the  mountain  sheep  in  con- 
finement is  due  to  the  need  for  any  one  element  of  its  native  environ- 
ment, but  the  way  to  find  out  is  by  restoring  the  proper  surroundings, 
animate  as  well  as  inanimate,  as  far  as  possible.  Experiments  of  this 
sort  must  increase  our  knowledge  of  the  laws  of  life,  and  in  time  will 
solve  the  problem  of  successfully  maintaining  our  mountain  sheep  in 
captivity. 

For  tbe  bears  also  is  planned  a  roomy  park  with  restoi-ed  environ- 
ment. Bears  are  restless,  roving  animals,  muth  more  so  than  deer,  or 
indeed  than  most  of  our  large  quadrupeds,  and  they  suffer  propor- 
tionately when  shut  up.  Many  carnivorous  animals  breed  in  captivity, 
but  bears  are  among  those  that  do  not,  not  more  than  two  or  three 
eases  being  on  record.  This  is  an  evidence  of  the  great  pathological 
disturbance  from  caging  in  the  ordinary  way.  The  added  feature  of 
a  geological  disturbance  in  the  small  bear  pen  near  the  south  entrance 
resulted  in  a  little  ripple  of  excitement  some  years  ago.  A  heavy  rain 
storm  during  the  night  washed  down  from  the  cliff  into  the  unfinished 
pen  such  a  pile  of  rocksandsand  thata  young  grizzly  mountingon  it  waa 
enabled  to  climb  up  and  escape  into  the  open.  He  hid  himself  in  the 
thickest  shrubbery  of  the  park  and  for  a  day  or  two  eluded  retaptore, 
to  the  consternation  of  numerous  mothei's  whose  children  going  to  school 
had  to  pass  near  the  park.  Each  one,  of  course,  irould  in  imagination 
see  her  own  particular  offspring  suffering  the  fate  of  the  naughty 
children  who  scoffed  at  the  baldheaded  prophet.  But  those  who  saw 
the  grizzly  during  his  brief  spell  of  liberty  say  that  he  was  so  over- 
whelmed bv  the  novelty  of  his  situation  that  he  was  quite  the  most 
timorous  of  all  concerned  in  the  affair. 

The  buffalo  was  one  of  the  American  animals  chiefly  in  view  when 
the  idea  of  the  park  occurred  to  Mr  Langley.  The  present  herd  is  a 
fine  one,  but  the  amount  of  ground  available  for  them  is  not  sufBcient 
for  ideal  conditions. 
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I  have  beard  it  said  that  a  little  enmity  in  the  life  of  a  ca^ed  aDimal 
is  better  than  absolute  stagnation;  but  of  course  the  enmity  must  be 
within  limits.  The  buffalo  herd  bad  8o  far  reverted  to  the  native  state 
that  the  old  bull  ruled  for  several  years,  much  as  he  would  have  done 
on  the  plains.  He  was  what  the  keeper  called  "not  a  bad  boss;"  that 
is,  he  was  not  malicious  in  his  tyranny.  One  of  the  younger  bulla 
made  an  attempt  to  re.sist  him  once,  and  had  to  be  punished.  The 
youngster  never  forgot  or  forgave  this,  and  a  year  or  so  later,  feeling 
himself  growing  in  strength,  be  decided  to  risk  it  again.  He  advanced 
toward  tbe  leader,  "John  L.,"  and  shook  his  head  up  and  down  twoor 
three  times,  in  the  style  recognized  among  buffalo  as  a  challenge.  Tbe 
big  fellow  was  surprised,  no  doubt.  He  gave  a  warning  shake,  but  the 
other  would  not  take  warning.  Both  charged.  But,  to  the  old  bull's 
amazement,  the  young  one  did  not  go  down.  What  ho  lacked  in  weight 
he  more  than  made  up  in  agility.  Both  went  at  it  again,  now  desper- 
ately. After  two  or  three  of  these  terrific  shocks  the  old  one  realized 
that  he  had  not  now  his  old-time  strength  and  wind.  As  they  pushed 
and  parried,  the  young  bull  managed  to  get  under  the  other,  and  with 
a  tremendous  heave  actually  pitched  his  huge  body  up  into  the  air  and 
dashed  him  down  the  hillside.  Three  times  the  old  bull  whs  thus  thrown 
before  he  would  yield,  and  then  he  sought  to  save  his  life  by  flight. 
But  they  were  not  now  on  the  open  plains;  the  pen  was  Iimit4^d,  and 
the  victor  was  of  a  most  ferocious  temper.  The  keepers  did  what  they 
could,  but  stout  ropes  and  fences  interposed  were  no  better  than  straws. 
The  old  bull's  Iwdy  was  at  last  left  on  the  ground  with  63  gashes,  and 
his  son  reigne<l  in  his  stead.  This  is  one  of  the  melancholy  sides  of 
animal  life — the  weak  to  the  wall,  the  aged  downed  by  the  young.  It 
has  happened  millions  of  times  on  the  plains,  but  perhaps  was  never 
before  so  exactly  rendered  for  human  eyes  to  see. 

A  more  peat^eful  and  pastoral  side  of  life  is  to  be  seen  among  the 
waterfowl  ponds.  At  one  time  the  park  waters  were  a  favorite  rest- 
ing place  of  the  gulls  and  ducks  that  passed  over  in  the  mignttin)? 
season,  a  few  of  the  ducks  remaining  to  breed.  But  the  encroachment 
of  the  city  frightened  all  away,  until  the  establishment  of  t^e  park 
resulted  in  a  new  arrangement,  whereby  gulls,  swans,  ducks,  geese, 
etc.,  instead  of  passing  over  in  spring  and  fall  merely,  are  induced  to 
stay  as  permanent  residents.  Food,  protection,  and  cover  are  pi-o- 
vided  for  them,  that  they  may  live  their  lives  lieforc  us;  and,  in  order 
that  they  may  not  forgot  their  part  of  the  supposed  Imi^fains,  a  deft, 
slight  operation  is  performed  on  the  tip  of  one  wing.  It  leaves  no 
sign  of  mutilation,  but  it  effectually  induces  them  to  remain  perma- 
nently in  the  park. 

Among  the  birds  of  prey  many  old  friends  of  the  woods  and  plains 
are  to  be  seen,  though  not  taking  to  thoir  cage  lives  as  do  the  more 
cheerful  waterfowl. 

The  familiar  red-tailed  buzzard  is  hero,  but  his  eye  has  ever  kept 
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DaMU  Vu  ""**'°®<*  8avagene«s;  hf  hns  no  appearanoe  of  being  even 
ac-opl,  "V*"""®  '"  *>'«  •■«Ke.  None  of  his  m-e  bns  ever  },eei.  known  to 
not  r'""'""*"^'^'>'  the  prwoner's  condition,  «o  that  the  Hpecies  docs 
buy  I^^  '"  '^P''*''*-^'  "O""  <io  '"'«  lelativcM  and  fellow-captives,  the 
t-awTh  '^'^  *"^  *^^  '*^'^"*  ^*^'*''  ^"'•t'*^'^  tl"'** '«  s'liply  another 
Where  it  is  necessarj-  to  restore  the  wild  condition  in  order  to 
Know  the  perfect  bird.  Some  day  we  nmv  have  a  <-age  large  enough 
*«  give  thetn  a  chance  really  to  u,«  their  winjru.  and  then  thev  may 
Mescend  to  show  us  how  their  forbears  built  their  nests  and  reared 
*"i*™'ned  their  offspring  for  the  chase. 

Hie  tine  collection  of  wolves,  .still  in  small  quarters,  gives  a  giKxi 
opportunity  of  seeing  how  near  thev  are  to  dogs  in  their  general 
liabits  and  appeamnce. 

Zoologists  have  long  di«-u.s.-ied  the  origin  of  the  dog.  Some  con- 
sider It  the  descendant  of  a  wolf;  others,  of  an  extinct  species;  and 
some  say  that  the  jackal  is  the  wild  stock  it  came  from.  There  are 
™any  good  arguments  against  the  second  theory.  To  day  it  Ls  believed 
that  either  the  wolf  or  the  jackal  was  the  wild  anc-eslor  of  the  dog.  1 
am  convinced  that  the  jackal  is  the  stock  parent,  though  a  strain  of 
wolf  blood  has  certainly  been  infused  in  some  countries. 

It  long  ago  struck  nie  that  reversion  is  the  licst  evidence  in  a  dis- 
cussion of  this  kind,  and  my  own  oiwervatioiis  on  dogs  that  have 
reverted,  or  gone  back,  to  their  ancestral  form  point  very  uniformly 
to  one  conclusion. 

The  general  color  of  a  wolf  is  grayish,  with  a  lilack  or  dark  tail  tip, 
rarely  with  light-colored  spots,  or  "bee.s,"over  its  eyes,  and  with  a 
height  at  the  shoulder  of  about  26  inches. 

The  general  color  of  a  jackal  is  yellowish,  with  more  or  less  white 
hair  in  the  tip  of  iu  tail,  and  invariably  with  f>ees  over  its  eyes.  Its 
height  is  about  20  inches  at  the  shoulder. 

All  the  largest  breeds  of  dogs  show  signs  of  overdevelopment,  such 
aa  faulty  teeth,  superfluous  toes,  frail  constitutions,  etc.  All  dogs 
that  have  any  white  aWut  them  have  at  least  a  few  white  hairs'in  the 
tip  of  the  tail;  and  when  allowed  to  mongrelize  fn'cly — tliat  is,  to 
revert — the  dog  always  becomes  a  small,  yellowish  animal,  with  bi-own 
bees  over  its  eyes,  a  whit*  tail  tip,  and  a  height  at  the  shoulder  of 
al)out  twenty  inches — that  is.  it  resumes  the  jackal  type. 

Another  argument,  which  J  have  not  seen  in  print,  is  this;  Although 
the  wolf  was  abundant  in  Kurope  during  the  old  stone  age,  the  dog 
was  unknown  till  it  appeared  on  the  scene  with  the  Neoliths,  a  race 
that  came  from  the  home  of  the  jackal. 

My  oliservations  on  the  habits  are  evidence  for  the  jiukal  theorj'. 
Wolves  rarely  turnaround  l>efore  lying  down;  dogs  and  jackals  usually 
do.     Wolves    i-arely  bark,  while  jmkals.  as  is  well    known,  do  fre- 
quently bark  after  the  manner  of  dogs. 
While  sketching  among  the  jackals  in  the  Jardin  des  Plantes,  Paris, 
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in  1895,  I  discovered  an  interesting  bit  of  evidence  on  the  question. 
Wolves'  eyes  are  set  obliquely,  as  in  figure  2,  plate  III,  and  dogs'  eyes 
are  set  straight,  as  in  figure  1.  This,  of  course,  is  well  known.  But 
of  the  9  jackals  then  in  the  menagerie  2  had  their  eyes  set  wolf- 
fashion,  and  the  reaiaining  7  had  them  set  like  those  of  a  dog.  Of 
course,  the  fact  that  both  style^are  found  in  the  same  animal  take^ 
from  its  weight  as  proof,  and  yet  great  stress  has  been  laid  on  this 
different  angle  of  the  eyes  as  an  important  difference  between  dog  and 
wolf.     What  weight,  then,  this  argument  has,  is  for  the  jackal. 

While  making  these  notes  among  the  animals  of  the  Washington 
Zoo,  1  used  to  go  at  all  hours  to  see  them.  Late  one  evening  1  sat 
down  with  some  friends^y  the  wolf  cages,  in  the  light  of  a  full  moon. 
1  said,  "Let  us  see  whether  they  have  forgotten  the  music  of  the 
West"  I  put  up  my  hands  to  my  mouth  and  howled  the  hunting  song 
of  the  pack.  The  first  to  respond  was  a  coyote  from  the  plains.  He 
remembered  the  wild  music  that  used  to  mean  pickings  for  him.  He 
put  up  his  muzzle  and  "yap-yapped"  and  howled.  Next  an  old  wolf 
from  Colorado  came  running  out,  looked  and  listened  earnestly,  and, 
raising  her  snout  to  the  proper  angle,  she  took  up  the  wild  strain. 
Then  all  the  others  came  running  out  and  joined  in,  each  according  to 
his  voice,  but  all  singing  that  wild  wolf  hunting  song,  howling  and 
yelling,  rolling  and  swelling,  high  and  low,  in  the  cadence  of  the  hills. 

They  Bang  me  their  eong  of  the  West,  the  Vt'eet: 
They  set  all  my  feelings  aglow; 

They  etiired  up  my  heart  with  their  artle§e  art, 
And  their  eong  of  the  long  ago. 

Again  and  ^ain  they  raised  the  cry,  and  sang  in  chorus  till  the  whole 
moonlit  wood  around  was  ringing  with  the  grim  refrain— until  the 
inhabitants  in  the  near  city  must  have  thought  all  the  beasts  broken 
loose.  But  at  length  their  clamor  died  away,  and  the  wolves  returned, 
slunk  back  to  their  dens,  silently,  sadly  1  thought,  as  though  they 
realized  that  they  could  indeed  join  in  the  hunting  song  as  of  old,  but 
their  hunting  days  were  forever  done. 
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THE  SUBMARINE  BOAT:  ITS  VALUE  AS  A  WEAPON  OF 
NAVAL  WARFARE. 


By  Geohge  W.  Melville, 
Jiear-Adi/ufol,  £»w/*Wt  in  Chiif,  ('nitid  Siaies  Navy. 


The  advocates  of  the  !4iibmarine  iHMtt  during  the  paut  year  have  (con- 
siderably modified  their  claims  an  to  the  value  of  thiu  type  of  naval 
construction  as  a  future  weapon  of  war.  The  zeal  of  the  new  convert 
is  proverbial,  but  those  who  have  had  experience  either  in  the  man- 
agement or  construction  of  this  type  of  craft  arc  making  fewer  prom- 
ises, and  are  quite  content  with  the  accomplishment  of  performances 
that  can  in  no  wise  be  regarded  as  of  an  extraordinary  nature. 

It  is  thus  along  more  t'onsi^rvative  lincH  that  those  who  have  faith 
in  the  ultimate  efficiency  of  the  boat  are  now  working.  The  demand 
is  not  now  seriously  made  to  build  these  boats  by  the  score.  The 
more  mode-st  re([upst  is  urged  that  we  should  authorize  sufficient  con- 
struction to  hold  together  the  skilled  workmen  that  are  required  to 
build  this  type  of  craft.  This  is  a  very  fair  proposition  so  long  as  it 
is  not  restricted  to  Imilding  boats  of  a  special  firm. 

DEVELOPMENT   STILL   IN   AN    EXPERIMENTAL   STAGE. 

Fortunately  for  the  interests  of  the  Government,  there  wore  but 
few  practical  naval  architects,  marine  engineers,  or  distinguished 
naval  officers  who  were  carried  off  their  feet  by  the  exaggerated  state- 
ments made  as  to  the  capabilities  of  this  type  of  craft.  As  a  result  of 
a  conservative  policy,  we  have  only  eight  boats  built,  building,  or 
authorized.  As  to  whether  this  number  is  sufficient  for  present  pur- 
poses, the  views  of  Admiral  Dewey,  written  a  month  ago,  probably 
reflect  the  general  sentiment  of  the  Navy.  Upon  this  matter  Admiral 
Dewey  thus  wrote  to  a  member  of  the  Committee  on  Naval  Affairs, 
House  of  Representatives,  May  27,  1902: 

'^The  next  two  questions  which  vou  ask  relate  to  the  necessity  and 
advisabilitv  of  providing  now  for  the  construction  of  additional  boats 
of  the  Holland  type.  With  regard  to  this  matter,  I  concur  with  the 
Secretary  of  the  Navy  in  the  opinion  expressed  in  his  letter  of  Jan- 
uary !l,  1901.  to  your  committee,  to  the  effect  that  as  a  number  of 
boats  of  this  type  are  now  under  construction,  it  is  wise  to  await  their 
completion  before  providing  for  others." 
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UNITED  STATES   STRENGTH    IN  SITBMARINBS  ONI.T  KXCBBDKO  BT  FRANCE. 

Our  strength  in  submarinG  boat  (.-onstruction  is  only  exceeded  by 
thntof  France  and  England.  Without  tokiiig  into  consideration  the 
strength  of  France  and  England,  the  United  States  possesses  or  has 
authorized  more  .submurine  boats  than  all  other  naval  powers  com- 
bined. Compared  with  most  uoiintries,  we  are,  therefore,  in  advance  in 
this  form  of  naval  constiuctior).  Our  only  regret  should  be  that  all 
of  our  boat^  are  of  a  particular  type,  and  that  this  type  should  not 
have  yet  l>een  proved  to  have  developed  beyond  the  experimental 
stage.  The  fact  that  not  one  single  iKiat  of  the  Holland  type  con- 
tracted for  in  August,  JiKX),  and  which  should  have  been  completed 
July,  1!)01,  has  yet  had  an  official  trial,  conclusively  shows  that  boats 
of  this  design  have  not  yet  been  developed  to  a  .'*tage  that  makes  them 
reliable  weapon.s  of  war. 

CHARACTER   OF   EXAdOERATEl)   CLAIMS   ADVANCED. 

There  have  been  some  wonderful  claims  made  for  the  submarine. 
Only  a  year  ago  it  was  maintained  that  one  of  the  Iwats  under  con- 
struction would  be  able  to  steam  acro.-^s  the  Atlantic.  Less  than  a 
month  ago,  in  an  official  hearing  before  the  Committee  on  Naval  Affairs, 
House  of  Representatives,  on  submarine  l)oats,  an  expert  of  the  Hol- 
land Company  testified  that  the  air-supi)Iy  storage,  which  is  69  cubic 
feet  at  a  pressure  of  2,000  pounds,  is  suiticient  for  a  crew  of  seven  or 
eight  men  for  three  months  for  submerged  work.  When  questioned 
upon  this  point  the  expert  said:  "  I  not  only  think  it.  I  am  quite  sure 
of  it."  Even  a  distinguished  naval  architect  is  very  fond  of  stating* 
"The  boat  perfonns  in  a  way  that  can  best  describe  it  as  a  fish  of  steel 
with  the  brains  of  a  man. "  Such  are  the  character  of  the  exaggerated 
claims  that  have  }»ecn  niadc  as  to  the  efficiency  and  performance  oE 
these  boats. 

It  is  not  surprising,  in  view  of  such  twtimony,  that  the  subject 
appcaFa  very  -strongly  to  tho  imaginative.  The  reaction,  however,  has 
already  commenced.  The  admiralty  officials  of  the  several  countries 
have  discovered  that  the  capabilities  of  these  Ixiats  have  been  so 
greatly  magnified,  and  their  weaknesses  so  adn)itly  passed  over,  that 
there  is  now  a  tendency  to  construe  contmct  requirements  very  strictly, 
and  to  dciuand  that  promises  will  turn  into  performances. 

ABSURD   SECRECY    ENVELOPING  THE   QUESTION   OF   SUBMARINES. 

There  has  been  an  absurd  and  pedantic  secrecy  enveloping  the  sub- 
marine which  has  caused  the  general  public  to  atttich  great  value  to 
the  boat  as  a  weapon  of  war.  Comparatively  few  naval  officers  have 
had  tin  opportunity  to  estimate  its  powers  for  offensive  and  defensive 
work.     A  few  specialists  have  written  of  the  tactical  value  of  these 
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boats,  and  coosiderable  weight  has  beon  given  to  their  opinion  by  rea- 
son of  the  mystery  which  has  been  ascribed  to  the  construction  and 
operation  of  the  craft.  Any  tactical  value  that  the  boats  may  possess 
will  be  dependent  upon  the  speed  when  running  upon  the  surface  or 
submerged,  the  ability  to  maneuver,  the  power  to  find  the  ehemy, 
the  facilities  for  discharging  and  taking  on  board  a  torpedo,  and  the 
radius  of  action  when  submerged.  These  fw-tors  will  he  dependent 
upon  the  structural  arrangement  of  the  boat  and  the  character  of  the 
auxiliaries  installed,  and  therefore  any  mystery  surrounding  the  boat 
would  be  very  short  lived, 

TTME   AND   BXPERIENCE    MAT    DEVELOl'   AN    EFFICIENT  CRAFT, 

The  naval  battles  of  the  future  will  be  won  by  the  nation  which  has 
made  preparation  for  a  conflict,  and  which  has  supplied  it^If  with 
every  possible  weapon  of  war.  Although  an  implement  may  not  do 
all  that  it  was  designed  Ut  perfonn,  yet  it  is  possible  that  by  develop- 
ment its  capabilities  may  be  increased  to  an  extent  that  was  not  orig- 
inally deemed  probable.  Many  experts  are  doubtful  as  to  the  value 
of  ordinary  surface  torpedo  boats,  and  yet  as  long  as  rivals  possess 
them,  no  nation  would  think  of  dispensing  with  this  form  of  con- 
struction. Wc  can  antieipatit  the  same  experience  with  the  subma- 
rine. As  few  things  arc  impossible,  the  submarine  may  bo  developed 
in  time  to  a  state  of  efficiency  and  reliability  that  will  cause  a  revolu- 
tion in  the  composition  of  fleets.  Such  a  result,  however,  can  only 
be  brought  about  by  encouraging  competition.  Every  individual 
inventor  who  has  made  a  distinct  advance  in  improving  the  efficiency 
of  the  submarine  should  be  substantially  rewarded.  Under  no  cir- 
cumstances should  the  opinion  be  permitted  to  prevail  that  uny  one 
design  of  boat  is  an  accomplished  fact,  and  that  no  further  develop- 
ment is  possible. 

NO    NATION   CAN    Kl-rTAIN    A    MONOPOLY   OF    PERFECTED  DESIGN. 

As  the  several  naval  powers  are  seeking  new  weapons  of  war,  it 
will  not  be  possible  to  prevent  the  use  of  any  appliance  that  has  a 
military  value.  Neither  conservative  officials  nor  national  jealousy 
could  stand  in  the  way  of  the  adoption  of  any  appliance  that  could  be 
u.sed  for  ofl'ensivc  and  defensive  work  by  military  or  naval  authorities. 
In  the  struggle  for  naval  supremacy,  the  inventive  genius  of  the 
American,  the  practical  experience  of  the  English,  the  application 
of  the  Russian,  the  exact  science  of  the  French,  and  the  profound 
thought  of  the  German  are  being  exercised.  The  desire  and  passion 
for  military  strength  is  so  great  upon  the  part  of  all  powers,  that 
thei-e  is  no  hesitancy,  upon  the  part  of  any,  to  copy  from  the  other 
any  plan  or  process  which  makes  for  increased  military  efficiency  or 
wider  field  of  action. 
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SKEPTICISM  AS  TO  THE    POLICY  OF    FRANCB  CONCBRSING    8UBMABINE8. 

The  fact  that  France  alone  places  great  reliance  in  Uiis  particular 
weapon  can  be  viewed  from  two  stjtndpointij.  There  are  those  who 
will  brieve  that  her  experts  have  made  a  great  military  discovery, 
and  that  ahe  has  greatly  augmented  her  naval  strength  for  both  offen- 
sive and  defensive  work  by  building  a  great  number  of  this  small  craft. 

There  are  others  who  will  l>elicve  that  the  French  Admiralty  has 
made  a  great  mistake  in  giving  encouragement  to  any  form  of  naval 
construction  that  will  interfere  with  the  building  of  battle  ships  and 
cruisers.  One  does  not  have  to  i"ead  very  far  bock  into  French  history 
to  learn  that  in  1870  the  French  military  authorities  l>elieved  that  in 
the  possession  of  the  mitraillcu!«e  France  had  a  field  weapon  which 
would  solve  the  question  as  to  who  would  be  the  conqueror  in  case 
she  became  involved  in  war  with  a  neighbor. 

In  the  contemplation  of  her  experience  with  the  mitrailleuse  France 
may  well  ponder  whether  or  not  other  nations  are  blind  to  the  merits 
of  the  submarine.  A  cursory  i-eading  of  the  French  naval  journals 
shows  that  even  her  experts  areatill  at  work  overcoming  inherent  diffi- 
culties connected  with  the  submarine:^.  Even  when  the  boats  are  used 
for  surface  work  there  are  questions  of  habitability  and  navigability 
that  do  not  seem  fully  solved. 

DESION    AND   CONSTRUCTION- SIMPLE   IN   CHARACTER. 

There  is  extreme  fascination  to  many  people  in  contemplating  the 
scope  and  operation  of  a  weapon  of  war  that  can  be  used  for  either 
surface  or  submerged  work.  The  general  public  neither  attempts 
nor  cares  to  solve  the  mystery.  The  whole  subject  is  treated  as  one 
of  the  wonderij  of  the  century,  and  the  skeptic  is  classed  with  those 
who  ridiculed  the  work  of  Watt,  Fulton,  and  Stephenson, 

There  is  no  mystery  in  the  submarine  boat.  The  craft  of  to-day  is 
practically  of  the  same  design  as  that  of  a  century  ago.  There  is 
increased  efficiency  and  wider  range  of  action,  because  we  now  pos- 
sess materials  of  construction  which  are  lighter  and  stronger  and 
which  can  be  better  manipulated  than  the  material  of  a  previous  cen- 
tury. The  auxiliary  and  motor  of  to-day  can  be  encompassed  in  a 
fraction  of  the  space  that  was  required  for  one  of  the  same  power  in 
the  days  of  Fulton.  The  machine  tool  has  a  capa<^ity  and  capability 
far  surpassing  that  of  its  counterpart  of  fifty  years  ago.  The  advances 
that  have  been  made  in  making  the  submarine  boat  more  efficient  have 
been  almost  altogether  along  engineering  linos.  It  is  because  the 
capabilities  of  the  engineer  are  progressively  increasing  that  still  fur- 
ther advance  will  be  made  in  the  development  of  the  submarine  boat. 
There  are  hundreds  of  scientists  investigating  the  possibilities  of  per- 
fecting a  storage  batt<ry  that  will  !«  more  compact  and  of  greater 
power.     There  are  metallurgists  who  are  conducting  extended  tests 
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to  discover  a  metal  that  will  be  noncorrosive,  nonmagnetic,  of  lighter 
weight,  and  yet  of  greater  strength.  It  is  to  be  hoped  a  petroleum 
motor  can  be  substituted  for  the  gasoline  engine  for  surface  work. 
There  are  other  weaknesses  of  the  submarine  which  the  engineer  in 
part  will  j'et  overcome. 

Neither  the  marine  engineer  nor  the  naval  architect  perceives  any- 
thing mysterious  in  either  the  design,  equipment,  or  operation  of  the 
boat.  The  few  men  who  operate  these  hoats  can  not  attach  any  sub- 
stantial value  to  the  craft  by  ascribing  -wme  tactical  attributes  to  their 
use.  In  general,  the  boat  is  a  parabolic  spindle  with  a  conning  tower, 
the  hatch  of  which  can  be  hermetically  sealed.  This  spindle  contains 
a  gasoline  engine  for  surface  work,  and  a  storage  battery  for  sub- 
merged operations.  There  are  ballast  tanks  which  can  be  rapidly 
filled  and  emptied,  and  by  manipulating  the  ingress  or  egress  of  water 
into  these  tanks  the  buoyancy  is  destroyed  or  secured.  Such  a  craft 
must  necessarily  have  limitations.  It  has  been  the  effort  of  inventors 
to  overcome  weaknesses  rather  than  revolutionize  the  design  in  Uie 
effort  to  extend  the  field  of  operation  of  this  possible  weapon  of  war. 

BOATS    OF   THE    DIVING    TYPB    HAVR    LITTLE    LONGITUDINAL    STABILITY. 

On  boats  of  the  diving  type  but  little  advance  has  been  made  in 
securing  increased  stability.  Where  a  boat  is  designed  to  dive  like  a 
porpoise,  it  i»  practicallj'  impossible  to  secure  longitudinal  stability. 
When  the  craft  is  in  condition  for  diving,  the  center  of  gravity  must 
be  near  the  center  of  buoyancy,  otherwise  the  influence  of  the  hori- 
zontal rudders  would  not  affect  the  boat.  With  an  exceedingly  well- 
skilled  and  resourceful  man  at  the  steering  wheel,  with  a  well-trained 
and  efficient  crew,  and  with  favorable  conditions  as  to  wind  and  sea,  a 
boat  of  the  diving  type  can  subniei^  and  rise  with  considerable  suc- 
cess and  certainty.  Where  such  favorable  conditions  do  not  exist,  it 
is  extremely  improbable  that  the  boat  can  steer  a  desired  course,  or 
that  she  will  l>e  fully  under  the  control  of  the  operator.  A  submarine 
boat  of  this  type  will  undoubtedly  be  thrown  off  her  course  by  the 
effect  of  currents,  tides,  or  waves,  in  ca-se  she  has  not  sufficient  speed 
to  overcome  the  strength  of  strong  local  eddies.  In  the  absence  of  a 
guiding  medium,  such  a  boat  simply  gropes  about.  In  commenting 
upon  this  weakne.ss  of  the  submarine  boat.  Captain  Mahan  writes: 

"  I  should  be  interested  to  see  some  demonstration  that  the  subma- 
rine boat  will  not  find  a  practically  insuperable  difficulty  in  discerning 
her  prey — in  seeking  it,  I  should  rather  saj'." 

RNDUHANCE   OF   CREW    AN    IMPORTANT    FACTOR. 

It  should  ever  be  remembered  that  the  actual  limit  of  the  operations 

of  the  submarine  boat  is  a  limit  of  endurance  of  the  crew.    The  skilled 

artificer  in  charge  of  the  motor  can  not  escape  breathing,  at  least  a 

small  portion,  of  the  products  of  combustion  when  the  gasoline  engine 
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is  in  operation,  for  gasoline  is  a  great  searcher,  and  constant  difficulty 
will  be  found  in  keeping  the  joints  tight  It  may  be  maintained  that 
it  will  be  an  easy  matter  to  change  crews.  It  will  be  a  rather  difficult 
undertaking,  for  it  requires  a  man  of  unusual  nerve,  skill,  endurance, 
and  readiness  of  resource  to  operat«  the  machinery  of  a  submarine 
boat  for  general  work.  In  boats  of  the  diving  type  the  man  at  the 
wheel  must  have  experience,  skill,  pluck,  and  judgment,  for  the  craft 
will  do  very  little  porpoise-like  work  if  you  have  anything  but  an 
exceptional  steersman.  Any  interchange  of  crews  will  have  to, take 
place  in  the  harbor,  for  the  picket  boats  of  the  blockading  squadron 
would  be  on  the  alert  to  prevent  such  a  transfer. 

On  the  official  surface-endurance  trial  of  the  ffoUand,  when  the 
conning-tower  batch  wa.s  open  during  the  entire  run,  one  of  the 
cuuties  assigned  for  requiring  forty-eight  hours  to  make  a  trip  of  148 
miles  was  the  delay  experienced  in  giving  the  crew  necessary  rest. 
When  the  hatches  are  closed  and  the  storage  battery  is  in  use,  noxious 
fumes  will  collect  from  gasoline  leaks  and  the  exhalations  of  the  crew, 
as  well  as  by  chemical  action  in  the  battery  cells. 

CHARACTER  OP  SCBHER6BD  TEST  OP   PULTON. 

It  is  true  that  a  submerged  test  of  the  Fulttm  has  been  made,  but 
one  may  ask,  Was  that  test  made  under  seagoing  conditions?  By  plug- 
ging the  gasoline  tanks,  by  preventing  chemical  action  in  the  cells, 
and  by  taking  other  precautions  the  crew  of  a  submarine  might 
remain  under  water  a  considerable  time.  In  analyzing  this  perfoim- 
ance  the  following  facts  are  noticeable:  The  boat  was  sunk  in  16 
feet  of  water,  the  top  of  her  conning  tower  being  about  6  feet  below 
the  sui-facc.  The  boat  remained  quietly  at  rest.  Surely  the  same 
work  could  be  done  in  a  diving  bell.  In  fact  much  more  severe  con- 
ditions are  imposed  in  caisson  work  in  the  building  of  tunnels  under 
river  beds. 

When  submerged  the  J^itlioti  has  a  displacement  of  120  tons.  In 
this  condition  she  has  about  2,000  cubic  feet  of  space  which  contains 
only  pure  air.  In  addition  she  has  12  welded  steel  ston^e  tanks  with 
a  total  capacity  of  09  cubic  feet,  and  the  air  is  pumped  into  these  tanks 
up  to  a  pressure  of  2,000  pounds.  The  air  tanks  under  this  pressure 
actually  hold  about  130  tank  volumes  of  air  at  atmospheric  pressure. 
In  other  words,  there  are  9,000  cubic  feet  of  reserve  air.  With  at 
least  2,000  feet  in  the  boat  there  is  a  total  of  11,000  cubic  feet  to 
draw  upon.  The  eight  men  that  constituted  the  crew  of  the  boat  had, 
therefore,  each  about  1,400  cubic  feet  to  draw  upon.  This  would 
mean  a  room  about  10  feet  high  and  12  feet  square  for  one  to  live  in 
for  a  period  of  fifteen  hours.  This,  of  course,  is  not  any  too  much 
space,  but  it  is  plenty  for  sanitary  purposes. 

It  should  be  taken  into  account  that  the  gas  exhalation  is  much 
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heavier  than  fresh  air,  aioce  it  is  carbonic  acid,  and  not  a  mechanical 
mixture  of  nitrogen  and  oxygen.  By  simply  keeping  in  the  upper 
portion  of  the  vessel  the  crew  would  almost  have  comparatively  fresh 
air  nearly  the  entire  time.  Quit«  a  different  tale  would  have  been  told 
if  the  Fulton  had  been  made  to  get  under  way.  She  would  then  have 
had  to  ana  her  electric  motors,  and  a  drain  would  have  been  made  upon 
her  storage  batteries.  From  this  cause  noxious  vapors  would  have 
been  generated  and  the  various  compartments  would  have  been  unin- 
habitable after  a  fraction  of  the  period  that  would  have  been  required 
to  make  the  boat  unendurable  from  the  human  exhalation. 

It  is  on  record  that  one  individual  in  a  New  England  town  several 
months  ^o  actually  entered  a  metallic  burial  casket  and  was  sealed 
up  for  a  period  of  one  hour.  He  simply  demanded  that  the  glass  plate 
over  the  head  piece  be  not  covered  and  that  the  individuals  conducting 
the  test  should  look  through  the  bead  plate  at  intervals,  so  that  he  could 
smile  at  them.  It  was  rather  a  ghastly  test,  but  it  was  a  successful 
one,  although  the  individual  undergoing  the  operation  lost  5  pounds 
in  the  undertaking.  In  this  teat  the  man  did  not  probably  have  2 
cubic  feet  of  air  to  draw  upon.  To  appreciate  exactly  what  was 
undergone  by  those  who  went  down  in  the  FitlUm,  the  crew  had  sim- 
ply to  enter  a  hermetically  sealed  room  of  the  dimensions  recorded. 
It  did  require  physical  courage,  however,  for  eight  men  to  remain  in 
a  submarine  boat  under  those  circumstances,  since  derangements  were 
IK>8sible  which  might  have  prevented  the  boat  rising. 

COMPASS    UNRELIABLE   IN    BOATS  OF    DIVING    TYPE. 

For  the  past  ten  years  the  advocates  of  the  submarine  have  been 
telling  at  intervals  of  a  discovery  whereby  the  submarine  boat  can 
be  navigated  with  precision  when  under  way.  One  of  the  ablest 
compass  experts  in  the  Navy  has  given  special  attention  to  this  matter. 
In  the  investigation  of  this  subject  he  found  that  a  reputable  adjuster 
of  compasses  from  New  York,  who  corrected  the  compass  of  this  sub- 
marine boat,  furnished  the  Holland  Company  with  nine  different  devia- 
tion tables,  to  be  used  as  a  disposition  of  the  disturbing  torpedoes 
necessitated.  It  is  his  opinion  that,  in  general,  the  compass  on  the 
submiirine  boat  must  be  regarded  as  more  or  less  unreliable.  Placed 
near  to  or  within  an  iron  or  steel  mass,  it  is  subjected  not  only  to 
large  disturbing  influences,  but  also  to  a  serious  decrea.'^e  of  directive 
force.  Any  change  in  magnetic  conditions  within  the  vessel  itself,  as 
well  as  accidental  extraneous  influences,  will  attack  the  weakened 
compass  with  a  force  inversely  proportional  to  the  directive  force. 
The  inclination  of  the  boats  of  the  diving  type  is  a  great  disturber  of 
the  compass,  and  must  be  very  carefully  corrected.  This  expert 
maintains  that  the  magnetic  compass  in  a  submarine  boat  will  be  so 
unreliable  that  the  craft  will  frequently  be  compelled  to  rise  to  the 


724  THE   SUBMABINE   BOAT. 

surface  to  recorroct  the  course  steered,  as  well  as  to  ascertain  whether 
the  object  to  be  attacked  has  not  chanp^d  her  position.  In  boatu  of 
the  jrollaTid  type,  the  plan  of  furnishing  a  large  number  of  deviation 
tables,  to  cover  all  possible  conditions  within  the  craft,  will  certainly 
lead  to  poor  results  in  the  excitement  of  action,  even  if  the  enemy  is 
unwise  enough  to  maintain  a  fixed  station. 

It  will  not  be  the  particular  province  of  the  battle  ship  to  seek 
destruction.  On  the  contrary,  she  will  take  means  to  avoid  such  a 
catastrophe.  The  submarine  will  tben  be  compelled  to  seek  her.  It 
will  seldom  be  the  case  that  the  blockading  battle  ship  is  not  kept  under 
way,  and  as  her  speed  will  be  greater  than  the  submerged  boat,  the 
opportunity  will  be  certainly  remote  when  the  submarine  can  discharge 
her  torpedo. 

TIME    REQUIRED   TO   I'EEPARE  THE    HOIXAND    BOAT   FOR   DIVING. 

One  would  presume  from  a  cursory  reading  of  the  literature  upon 
submarines  that  boats  of  the  diving  type  only  require  a  few  seconds 
to  go  from  the  surface  to  the  submerged  condition.  It  will  require 
minutes  rather  than  seconds  to  perform  the  evolution,  and  during  this 
period  the  submarine  boat  will  be  exposed  to  the  tire  of  the  magazine 
and  quick-tiring  guns  of  the  blockading  squadron.  When  the  sub- 
marine boat  is  running  on  the  surface  and  using  her  gasoline  (engines, 
it  will  require  some  miimtes  to  unship  ventilators,  fill  the  compensat- 
ing tanks,  and  exhaust  the  gasoline  fumes  from  the  hull  compartment. 
In  fact,  she  will  have  to  run  in  the  awash  condition  for  some  time  to 
fully  prepare  her  for  submergence. 

The  French  Admiraltj'  ought  to  have  some  pretty  positive  informa- 
tion upon  this  question.  In  fact,  one  of  the  most  serious  objections 
urged  to  the  submergible  type  of  submarines  has  been  the  length  of 
time  necessary  to  effect  submergence.  In  the  boats  of  the  Ifaroal 
class  it  took  half  an  hour  to  perform  the  operation.  Only  two  years 
ago  the  Narval  was  considered  the  most  efficient  of  all  the  French 
submarines.  In  the  Sirens  class  the  time  was  reduced  to  a  little  over 
ten  minutes.  The  Sirene  was  authorized  June  20,  1899.  She  has 
been  in  commission  about  ei^^ht  months.  It  is  hoped  that  the  time  of 
submergence  will  be  reduced  to  live  minutes  in  the  boats  that  have 
just  been  laid  down  in  France.  The  knowledge  of  the  experts  of  the 
French  Admiralty  must  be  exceedingly  limited  if  her  experts  are  con- 
tent to  design  a  boat  that  will  require  five  minutes  for  submergence, 
while  the  Holland  only  requires  five  seconds  (i)  to  perform  the  same 
evolution. 

As  a  matter  of  fact,  the  French  expeils  measure  the  time  from  run- 
ning on  the  surface  to  the  time  of  disappearance.  Some  of  oar 
expei"tsare  content  to  measure  the  period  from  the  time  when  all  prepa- 
rations have  been  finished  to  the  time  when  she  goes  under  the  water. 

It  may  only  require  a  second  to  discharge  a  submarine  mine.     It 
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may  require  bours  to  lay  the  mine  in  a  harbor  where  strong  tides  are 
running.  It  is  just  a»  logical  U>  maintain  that  you  can  fire  a  13-inch 
gun  in  a  fraction  of  a  second,  as  it  is  to  contend  that  »  submarine 
boat  can  dive  from  a  surface  run  to  a  submerged  run  condition  in  a 
few  seconds, 

UNOERTAISTV    OF   ACTION    OP  WHITEHEAD    TORPEDO    WHEN    iJlUNCHED 
FROM    A   SUBMARINE   BOAT. 

The  torpedo  which  is  carried  by  the  submarine  boat  has  yet  to  show 
for  submarine  work  the  practical  utility  for  its  existence.  Next  to 
the  arrangement  of  the  mechanism  of  a  wftcb  or  a  clock,  there  is 
probably  no  contrivance  where  more  appliances  are  installed  in  a 
limited  space  than  in  a  Whitehead  torpedo.  The  workmanship  must 
he  of  the  finest  character  and  the  adjustments  of  a  delicate  nature,  in 
order  to  make  the  torpedo  take  the  desired  course.  It  will  be  admitted 
that  at  the  torpedo  station,  or  at  the  establishment  where  they  are 
manufactured,  some  verj-  reliable  work  is  secured  from  them,  but 
when  they  are  placed  on  l)oard  ship  and  receive  other  than  ordinary 
care,  they  pei-form  all  manner  of  strange  evolutions  when  launched 
from  a  tube,  and  often  go  astray.  When  there  is  actual  need  to  fire 
these  torpedoes  there  is  not  at  command  the  skillful  mechanics  and 
adjusters  that  are  intrusted  with  the  experimental  work  at  the  torpedo 
station.  During  the  fourteen  years  that  I  have  been  at  the  Navy 
Department  I  have  personally  asked  hundreds  of  observing  officers  if 
they  knew  of  one  case  in  actual  warfare  where  a  torpedo,  launched 
from  a  ship  at  a  moving  target,  has  been  effective.  Official  records 
have  been  examined,  but  no  evidence  can  be  adduced  that  a  single 
torpedo  has  sunk  a  ship  that  was  in  motion. 

There  have  been  cases  where  torpedo  boatts  have  sunk  practically 
abandoned  vessels.  There  are  instances  where  shiiM  at  anchor  have 
neglected  to  keep  a  lookout,  and  have  in  this  way  been  struck  by  a 
tori^edo.  It  is  also  a  matter  of  record  that  in  some  instances  torpedoes 
have  successfully  drifted  down  on  ships  at  anchor  and  crippled  or 
destroyed  them.  The  unreliability  of  the  torpedo  in  actual  practice 
is  a  factor  of  importance  in  determining  the  worth  of  the  submarine 
boat.  Due  to  the  fact  that  improper  adjustments  have  been  made  in 
the  mechanism  of  Whitehead  torpedoeis,  many  either  go  under  the 
target,  sink  to  the  bottom,  or  take  a  difi'erent  course  from  that  intended. 
The  friends  of  the  submarine  would  have  people  l>elieve  that  the  action 
of  a  torpedo  is  as  certain  as  that  of  a  rifle  shot,  and  that  you  have  sim- 
ply to  launch  the  weapon  from  the  tube  within  striking  distance  to 
secure  the  efi'ect  desired. 

DANKER    OF   USING   OASOLINE. 

The  l>est  propelling  agent  now  available  for  surface  work  in  a  sub- 
marine is  undoubtedly  gasoline,  but  it  is  to  be  hoped  Uiat  petroleum 
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motors  will  be  so  perfected  that  they  can  be  substituted  for  this  spe- 
cial work.  Statistics  show  that  the  loss  of  life  due  to  gasoline  explo- 
sions is  appalling.  Careful  investigation  proves  that  these  explosions 
can  be  ascribed  to  spontaneous  combustion  or  to  molecular  changes 
due  to  special  conditions.  It  is  true  that  thousands  of  gasoline 
launches  are  in  use,  but  these  launches  are  nearly  all  open  boats,  and  . 
the  gasoline  tanks  are  often  pipes  which  are  plated  on  the  outside  of 
the  boat  something  similar  to  a  keel  condenser. 

In  the  submarine  boat  you  have  the  ston^  battery  in  close  prox- 
imity to  the  gasoline  reservoirs.  The  switches,  fuses,  and  electrical 
contacts  necessary  for  the  operation  of  the  incandescent  lights  and 
various  motors  must  of  necessity  be  i>pen  to  the  air.  Sfnrks  form 
when  these  electrical  appliances  are  started  or  stopped,  and  a  single 
flash  may  be  all  that  may  be  necessary  to  explode  gasoline  fumes. 

GASOLINE   TANKS   SHOULD   NOT   BE   KEPT   WITHIN   THE   HULL   OF 
SUBMARINE. 

Gasoline  is  a  great  searcher,  and  as  long  as  the  tanks  of  gasoline  are 
kept  within  the  boat  itself  it  will  be  practically  impossible  to  prevent 
some  leakage.  In  starting  the  gasoline  engine  some  of  the  gas  is 
likely  to  escape  through  stuiBng  boxes,  check  valves,  and  joints.  It 
would  not  be  necessary  to  have  much  free  gasoline  in  the  boat  to 
cause  an  explosion.  In  the  case  of  oil-carrying  ships,  it  is  when  the 
tanks  are  well  nigh  or  quite  empty  that  explosions  are  most  likely. 
The  record  of  accidents  to  oil-carrying  ships  proves  that  explosions 
nearly  always  occur  when  the  vessel  is  in  port,  and  that  the  danger  is 
greatest  when  the  tanks  have  the  least  oil  in  them.  It  is  not  the 
amount  of  gasoline  carried  that  constitutes  the  danger.  It  is  the 
leakage  which  is  the  greate.st  menace,  for  when  the  liquid  volatilizes 
and  combines  in  certain  proportions  with  the  air,  and  is  followed  by  a 
spark,  it  Is  quite  certain  that  an  explosion  will  result.  In  fact  this  is 
the  action  of  a  gasoline  engine. 

Where  the  gasoline  is  kept  within  the  hull  the  reservoirs  are  often 
built-up  tanks,  i.  e.,  tanks  which  are  built  between  the  frames.  It 
will  be  extremely  difficult  to  make  these  tanks  perfectly  tight,  on 
account  of  the  difficulty  of  properly  calking  the  seams.  It  is  well 
known  that  gasoline  is  ordinarily  kept  in  cylindrical  reservoirs  where 
there  are  but  few  seams  to  leak. 

The  danger  from  gasoline  is  not  imaginary.  The  crew  of  the  IM- 
land  were  almost  asphyxiated  from  this  cause.  Constant  trouble  from 
inhaling  gasoline  is  being  experienced  with  the  French  boats.  The 
Engineer,  of  London,  in  its  Issue  of  June  20,  1902,  makes  reference 
to  an  accident  of  this  character: 

"Life  in  French  submarines  is  not  apparently  'all  beer  and  skittles.' 
The  submarine  SUare  rec'Ciitly  went  out  on  trial,  and  the  crew  began 
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to  get  iDsensiblfi.  '  Wbereupon,^  sa^s  the  French  paper  from  which 
we  quote,  'several  of  our  brave  sailors  began  to  ask.  Is  all  well?' 
The  answer  apparently  was  in  the  negative,  so  the  rest  went  home- 
ward, with  three  men  well-nigh  suffocated." 

GASOLINE    TANKS  COMPARATIVELY    SAFE    WHEN   STORED    IN    8DPER- 
flTHnCTURE. 

It  has  been  maintained  that  as  the  gasoline  tanks  are  stored  in  the 
superstructure  the  boats  are  likely  to  be  destroyed  by  a  fragment  of 
shell  hitting  the  tanks.  Such  would  not  be  the  case.  Liquid  gasoline 
is  difficult  to  explode.  The  shell  might  rupture  the  tank  and  permit 
the  liquid  to  run  into  the  sea.  It  might  even  be  set  on  fire.  You 
would  then  simply  use  gasoline  from  another  tank  or  else  turn  on  elec- 
tric power  and  steam  out  of  the  region  of  the  burning  oil. 

As  an  illustration  of  how  diflScult  it  is  to  explode  liquid  gasohue, 
the  burning  of  a  valuable  gasomobile  at  Sewickley,  Pa.,  will  afford 
some  pretty  positive  information.  The  machine  not  working  prop- 
erly, the  chauffeur  and  the  owner  dismounted  to  ascertain  the  cause. 
They  found  the  gasoline  tank  leaking,  and  while  they  were  examining 
the  appliance  the  liquid  suddenly  ignited.  A  bystander  pulled  a  fire- 
alarm  box  and  two  fire  companies  were  quickly  on  the  scene.  Both 
chemical  extinguishers  and  water  were  played  on  the  flamea,  but  they 
were  not  extinguished  until  the  machine  was  ruined.  There  was  no 
explosion,  simply  a  slow  burning  of  the  liquid  fuel. 

THE    ANTIDOTE   TO   THE   SUBMARINE. 

For  the  past  three  years  considerable  thought  has  been  given  to  the 
subjectas  to  the  best  manner  of  disabling  the  submarine.  The  British 
Admiralty  regard  with  considerable  favor  a  device  in  the  form  of  a 
spar  torpedo,  electrically  dischargeable,  easily  dropped,  and  composed 
of  powerful  explosives.  Some  experiments  have  already  l>een  made, 
and  while  the  principle  embodies  no  certainty,  there  are  experts  who 
believe  that  its  action  is  as  reliable  as  that  of  a  Whitehead  torpedo, 
for  the  torpedo  is  more  than  likety  to  fail  in  its  purpose  when  dis- 
charged from  a  boat  that  is  somewhat  blind,  and  from  a  craft  whose 
speed  is  so  slow  that  a  strong  eddy  would  change  its  direction. 

There  are  other  experts  who  believe  that  fast-running  boats  will  be 
able  to  run  the  submarines  down.  As  the  submarines  are  slow  in 
speed,  and  are  not  ea-iily  maneuvered,  the  picket  boats  or  fast  tuga 
would  find  the  submarine  in  the  same  way  that  you  kill  a  whale.  The 
whale  being  slow  in  action,  and  being  compelled  to  rise  to  the  surface  at 
intervals,  can  not  maneuver  as  quickly  as  a  skillfully  worked  boat,  and 
is  thus  caught  unawares.  Thus  it  might  be  with  the  submarine — 
being  slow  in  action,  and  deficient  in  maneuvering  qualities,  the  picket 
boat  would  have  an  opportunity  to  run  over  them  before  the  aubma- 
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rine  could  disappear  or  discharge  ite  torpedo  with  effect.  Under  such 
circumstaDces  the  presence  of  a  tug  would  produce  considerable  moral 
effect  upon  the  submarine. 

The  submarine  can  also  expect  that  the  rapid-tire  and  machine  guns 
of  the  blockading  fleet  will  be  kept  in  readiness  to  welcome  them,  and 
it  is  quite  certain  that  no  commanding  officer  would  be  sparing  of 
ammunition  when  on  the  lookout  for  one  of  theae  boats. 

There  are  many  who  believe  that  a  submarine  boat  of  the  diving 
type  will  prove  to  be  more  dangerous  to  it-s  own  crew  than  to  the 
crew  of  the  vessel  attacked,  and.  like  the  flying  machine,  it  will  have 
very  little  endurance. 

ATTITDDE  OF  NAVAL  POWEBS  UPON  THIS  QUESTIOK. 

Probably  the  best  way  to  show  the  progress  that  has  been  made  in 
the  development  of  the  submarine  boat  during  the  past  few  yeai-s  will 
be  to  show  the  extent  of  construction  by  the  several  naval  powers  and 
their  attitude  in  regard  to  encour^ing  inventors. 


France  continues  to  lead  all  naval  powers  in  the  number  of  boats 
built  and  building.  Her  experts  attach  most  value  to  the  general 
worth  and  usefulness  of  the  craft.  At  the  end  of  the  year  1901  France 
possessed  fourteen  submarine  boats  ready  for  experimental  service. 
The  followingeight  boats  were  stationed  at  Cherbourg:  larval,  Morse, 
Francais,  Algeri-en,  Sirene,  Triton,  iSi'lnrt',  and  Espadmi.  Four  boa*s 
were  used  for  the  defense  of  Rochefort— /aT^^Mfe^  Kerrigan,  Onome, 
and  Lutin.  Two  other  boats,  the  Gutftai^e  Zede  and  Oymnote,  were 
stationed  at  Toulon. 

These  fourteen  boat;^  may  be  grouped  thus: 

SiAtniirines. — Which  are  propelled  by  electrical  power.  It  is  not 
intended  that  these  boats  shall  have  a  great  steaming  radius.  Their 
sphere  of  action  is  to  defend  seaports,  or  to  be  carried  or  towed  to  the 
projected  scene  of  operation.  Boats  of  this  type  are  the  I^raiwah  and 
Alyerlen,  of  146  tons;  also  the  Farffidet,  Korrigan,  Gnome,  and  Lutin, 
of  185  tons. 

Svimergihles. — Boats  which  use  an  electric  motor  for  moving  under 
the  water,  but  which  use  steam,  gasoline,  petroleum,  or  some  other 
power  for  traveling  on  the  surface.  The  French  experts  are  at  vari- 
ance as  to  which  types  are  the  best.  The  preponderance  of  opinion 
in  France,  however,  is  in  favor  of  the  submergible,  since  the  tendency 
is  to  develop  the  boat  for  distant  work.  The  Mor«e,  Narval,  Eepadon, 
Silure,  SirfTy,,  and  Tritmi  are  examples  of  the  submergibles. 

During  the  year  1901,  twenty -three  submarine  boats  of  68  tons  each 
were  authorized.  There  were  also  several  boats  in  process  of  building. 
According  to  the  naval  pn^ramme  voted  by  the  l^islative  chambers 
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of  France  in  the  year  11*00,  there  were  to  be  built  between  that  year 
and  the  close  of  1905,  forty-four  submarine  vessels.  Since  that  time 
additional  construction  has  been  authorized  which  would  give  a  total  of 
sixty-eight  submarine  vessels  to  be  completed  before  1906. 


It  is  strikingly  i^ignilicant  that  in  seeking  authority  for  the  further 
construction  of  these  boats  the  minister  of  marine  invariably  tells  of 
the  hope  that  is  I'epoaed  in  some  new  form  of  development.  In  that 
country,  therefore,  where  the  submarine  is  looked  upon  with  the  most 
favor  no  type  has  yet  been  regarded  as  an  approved  one.  but  there  is 
an  inclination  to  encourage  all  inventors  to  submit  original  plans.  In 
furtherance  of  the  policy  of  seeking  to  develop  the  submarine  ci-aft, 
the  FrenL-h  Admiralty  gives  special  encouragement  and  holds  out  sub- 
stantial inducements  to  inventors  to  work  along  new  lines.  By  keep- 
ing the  field  of  competition  open  the  friends  of  every  type  of  subma- 
rine construction  are  compelled  to  keep  abreast  of  the  times.  The 
Admiralty  is  thus  prevented  from  being  saddled  exclusively  with  the 
design  that  is  less  efficient  than  that  possessed  by  a  rival  nation.  It 
may  not  be  amiss  to  state  that  France  does  not  possess  a  single  boat 
of  the  Holland  design. 


The  French  Admiralty  already  announce  that  of  the  thirteen  sub- 
marines that  are  to  be  commenced  this  year  her  experts  will  experi- 
ment with  three  boats,  each  of  a  new  and  special  design.  France 
already  possesses  seven  different  types  of  those  built  and  building. 
This  is  quite  substantial  evidence  that  she  does  not  think  that  the 
problem  is  solved.  If  the  Admiralty  of  that  country  is  to  be  judged 
by  its  acts,  then  France  more  than  any  other  naval  power  believes 
that  submarine-boat  construction  is  in  an  experimental  stage,  other- 
wise an  approved  type  would  have  been  selected  ere  this.  It  is  strik- 
ingly significant  that  of  the  ten  different  designs  in  her  possession  she 
has  not  yet  built  a  boat  of  the  Holland  design.  As  both  England  and 
Norway  have  been  supplied  with  boats  of  the  Holland  design,  and  as 
Ixith  Russia  and  Japan  have  been  urged  to  purchase  a  boat  of  this  con- 
struction, it  is  fair  to  presume  that  France  could  have  secured  a  Hol- 
land boat  if  her  experts  deemed  the  type  of  much  value. 


Great  Britain  has  five  submarine  boats  in  process  of  construction. 
These  boats  were  contracted  for  in  the  fall  of  1900,  although  the 
British  Admiralty  did  not  let  the  fact  be  known  until  the  spring  of 
1901.  The  English  boats  are  of  the  Holland  type,  and  are  prm^tioaliy 
countei-parts  of  those  being  built  for  the  United  States  Navy.     It  has 
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been  twenty-one  months  since  Vickere'  Sons  &  Maxim  were  author- 
ized to  construot  these  boats;  and  the  fact  that  such  a  firm  bos  failed 
to  deliver  the  boats  on  time  conclusively  shows  that  unexpected  diffi- 
culties have  been  experienced.  It  has  only  been  within  a  month  that 
the  first  of  these  boats  has  been  accepted,  and  an  expert  from  the 
United  States  maneuvered  her  during  the  official  trials. 

It  hafi  been  officially  reported  that  the  second  of  the  submarine 
flotilla  under  construction  in  the  yard  of  Messrs.  Vichers*  Sons  & 
Maxim  will  be  different  in  minor  respects  from  the  first  boat.  The 
fact  that  alterations  have  been  made  in  the  construction  of  submarine 
boat  Ko.  2,  taicen  in  connection  with  the  fact  that  some  of  the  boats 
will  be  a  year  late  in  delivery,  ought  to  afford  pretty  conclusive 
evidence  that  the  English  boats  are  not  beyond  the  experimental 
st^e. 

The  British  naval  estimates  for  the  year  1902-3  provide  for  four 
additional  submarine  boats.  The  engineering  journals  of  Great 
Britain  stat«  that  the  new  boats  will  be  an  improvement  upon  those 
authorized  in  1900,  since  Mr.  Maxim  will  make  some  important 
changes  that  will  improve  their  efficiency.  The  British  Admiralty, 
therefore,  does  not  rest  content  with  having  tlie  new  construction  of 
the  same  character  as  the  old.  England  demands  pn^reasire  improve- 
ment, and  we  should  not  rest  content  with  those  that  have  not  yet 
proved  their  efficiency. 


The  German  Admiralty  is  experimenting  with  a  launch  of  small 
tonnage.  The  naval  periodicals  of  that  Empire,  in  reflecting  the 
opinion  of  the  officers  of  the  naval  service,  show  that  Germany  regards 
submarine  development  as  even  in  an  early  experimental  stage.  In 
discussing  the  .submarine  question  with  one  of  the  staff  of  Prince 
Henry  in  New  York,  this  official  informed  me  that  the  Americans 
bad  done  very  well  in  going  slowly  in  building  such  boats.  He  fur- 
ther remarked  that  the  German  Admiralty  had  done  better,  for  they 
had  refused  to  build  any. 


The  RuMsian  Government  is  experimenting  with  a  small  boat  of 
about  20  tons,  which  can  be  carried  on  the  deck  of  a  battle  ship.  The 
length  of  the  craft  is  50  feet,  while  its  diameter  is  only  i  feet. 
The  boat  in  composed  of  nine  sections  joined  together  by  bolts,  thus 
permitting  the  craft  to  bo  taken  apart  and  stowed  in  the  hold  of  a  ship. 
It  is  said  of  tb).s  boat  that  when  it  is  inclined  90  degrees  it  rights  itself 
immediately,  and  this  claim  is  characteristic  of  many  others  that  have 
been  set  up  in  behalf  of  the  submarine.  It  is  reported  that  a  boat 
something  like  this  type,  and  of  the  diving  design,  sunk  by  the  bow 
and  stood  on  end.     if  it  were  not  for  the  fact  that  she  sank  in  quite 
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shallow  water,  and  that  an  accompanyin)?  tug  got  hol<l  of  ber  stern 
and  pulled  licr  nose  out  of  the  mud,  the  boat  would  have  been  lost. 


The  Norwegian  Government  proposes  to  build  one  boat  of  the 
Holland  type.  This  matter  was  referred  to  a  board  of  naval  experts. 
A  minority  of  the  board  insisted  that  the  present  development  of  t^e 
craft  did  not  warrant  its  introduction  into  the  naval  service.  The 
technical  journals  of  Europe  state  a  majority  of  the  board  based  their 
conclusion  upon  the  fact  that  the  United  States  Government  had 
settled  upon  an  approved  type,  and  that  Norway  should  experiment 
with  this  design. 


The  United  States  has  one  submarine  boat  in  commission.  This 
boat  was  built  four  years  ago.  Seven  other  boats  are  in  process  of 
construction. 

The  names,  dates  of  contract,  and  contract  time  of  completion  of 
these  eight  vessels  are  as  follows: 


10    June,  IWI. 


Date  of 
conlncL 

MoMht. 

iS 

"" 

Nov.  19,I9(» 

DEr..Ay  IN  THE  CXJNSTHCCTION  OF  IIOLI.JIND  BOATS  EVIDENCK  OP  PACT 
THAT  BOATS  OF  THIS  TYPE  ABE  NOT  BEYOND  THE  EXI'GRIMENTAL 
STAGE. 

It  is  {>crtinent  to  ask  what  has  been  the  muse  of  this  delay.  If  the 
boats  are  l>eyorid  the  experimental  stage,  then  rapid  construction  would 
have  resulted  very  advantageously  to  the  Holland  Company.  In  fact 
if  the  boats  had  been  completed,  and  had  satisfactorily  met  official 
requirpments.  Congress  would  probably  have  authorized  a  considerable 
number.  It  wa.s  this  delay  in  delivering  boats  that  caused  many 
Sc^nators  and  Representatives  to  be  convinced  that  the  craft  are  still 
in  an  experimental  stage. 

Before  completing  these  seven  boats  for  the  Government,  the  Hol- 
land Company  have  on  their  own  account  constructed  the  Fulton.  It 
wa.s  this  trial  horse,  the  Fultouy  which  sunk  in  Peconic  Bay  early  in  the 
winter,  and  which  came  to  grief  several  months  later  at  the  Delaware 
Breakwater.  Since  the  British  naval  authorities,  as  well  as  our  own 
naval  experts,  are  looking  forward  to  the  results  of  the  official  trials 
of  the  boats  contractfsd  for  about  two  years  ago,  it  seems  strange  that 
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work  Hhould  have  been  pushed  upon  ao  experimental  or  trial  boat  if 
the  type  had  already  been  developed  to  a  satiafactory  stage.  It  would 
rather  appear  as  if  the  Holland  Company  had  encountered  unexpected 
obstacles,  and  that  an  experimental  boat  was  necessary  in  which  tests 
could  be  conducted  independent  of  naval  inspectors. 

PROOKESSrVE  ADVANCE  CAN    ONLY  BE    SECDBED  BY  BNCOnOAGINe 
COMPETITION. 

In  the  construction  of  surface  torpedo  boats  the  Navy  Department 
invites  and  encourages  the  several  shipbuilders  to  submit  designs.  In 
advertising  for  bids  for  tmttle  ships  the  Department  permits  bidders 
to  submit  plans  of  their  own.  Experience  shows  that  by  inciting  a 
rivalry  between  designers  of  every  kind  of  naval  craft,  the  Govern- 
ment is  a  great  beneficiary.  Any  policy  which  would  settle  upon  an 
approved  type  of  battle  ship,  cruiser,  ram,  surface  torpedo  boat,  or 
submarine,  without  taking  into  consideration  the  fact  that  progressive 
development  might  be  expected,  would  soon  give  us  a  navy  whose 
ships  were  inferior  to  those  possessed  by  other  powers.  Such  a  policy 
would  develop  rather  than  delay  the  construction  of  submarines.  In 
maintaining  a  progressive  advance  there  would  be  no  reaction  of  senti- 
ment. There  should  be  just  as  much  encour^ement  to  individuals  to 
develop  the  submarine  as  to  develop  the  surface  torpedo  boat. 

SUBSTANTIAL  AWARD  AWAITS   WINNER  OP  COMPETmVB  TEST. 

During  the  next  six  months  the  United  States  will  secure  some  very 
positive  information  as  to  the  practical  value  of  these  boats.  The 
seven  boats  now  under  construction  by  the  Holland  Company  ought 
to  have  had  their  official  trials.  If  these  boats  are  able  to  fulfill  con- 
tract i-equirements,  then  it  will  be  possible  for  the  Department  to 
commission  them  without  delay,  and  make  extended  experiments  so 
that  not  only  the  efficiency  but  the  endurance  of  the  craft  can  be 
determined.  Before  the  last  of  these  Holland  boats  is  turned  over  to 
the  Government,  It  is  highly  probable  that  the  Department  officials 
will  have  an  opportunity  of  passing  judgment  upon  the  efficiency  and 
sufficiency  of  the  Lake  submarine  boat,  now  building  at  Bridgeport, 
Conn.  A  contest  between  these  boats  should  be  welcomed  by  the 
owners  of  both  craft.  It  is  certain  if  either  boat  shows  a  marked 
superiority  over  the  other  for  naval  purposes,  the  fact  will  be  heralded 
throughout  the  world,  and  the  successful  boat  will  probably  be  regarded 
by  many  naval  officers  as  the  highest  type  of  submarine  construction 
extant.  As  it  is  quite  certain  that  both  the  Lake  and  Holland  people 
have  a  pretty  accurate  knowledge  of  the  capabilities  of  the  rival  com- 
pany's craft,  the  boat  that  is  the  superior  will  force  a  contest.  Since 
it  is  to  the  interest  of  the  Navy  Department  to  bring  about  competition 
between  these  boats,  it  can  be  expected  that  the  Department  will  not 
permit  either  company  to  avoid  a  competitive  test. 
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The  test  should  be  a  very  complete  one.  Each  company  might  pre- 
scribe conditions  for  the  other  to  meet.  The  Navy  Department  should 
finally  demand  requirementa  that  would  show  whether  or  not  the  boat 
was  a  useful  weapon  of  war. 

COMPETmON   WOULD    ADVANCE    RATHER    THAN    DELAY   CONSTBOCTION. 

The  policy  of  competition  would  not  make  for  delay  in  submarine- 
boat  construction.  It  would  advance  the  number  and  efficiency  of  the 
craft  that  we  shall  possess  within  the  next  five  years.  It  will  prevent 
the  Navy  being  exclusively  saddled  with  the  design  of  an  inferior  type. 
It  will  stimulate  invention  along  this  line.  It  will  not  only  prove  to 
the  officers  of  the  service,  but  to  individual  inventors,  that  the  Navy  is 
not  wedded  to  the  belief  that  technical  skill  in  this  line  is  possessed  by 
few  persons.  It  will  compel  those  securing  one  contract  to  keep 
abreast  of  the  times  by  making  progressive  improvements.  If  you 
have  such  competition,  you  will  absolutely  discover  the  character  and 
efficiency  of  this  type  of  naval  construction,  and  for  this  reason,  if  no 
other,  such  a  policy  should  be  pui-sued. 

Such  a  policy  should  be  pursued  because  it  is  founded  upon  patriot- 
ism and  common  sense.  It  may  int«rfere  with  the  purse  and  prestige 
of  individuals,  but  such  individuals  can  afford  to  sacrifice  something 
to  increase  the  efficiency  of  the  Navy,  particularly  if  for  a  time  they 
have  had  an  opportunity  to  fatten  themselves  at  the  public  crib. 

The  builders  of  these  boats  may  be  very  sincere  as  to  the  efiiciency 
of  their  respective  types,  but  of  necessity  such  people  must  give 
ex  parte  testimony.  The  Department  should,  therefore,  be  sustained 
in  its  contention  that  performances  and  not  promises  should  be  the 
factors  in  determining  the  advisability  of  extensively  entering  into 
this  form  of  construction. 

SPECIAL   CONSIDERATION   SHOWN   THE    HOIXAND  OOHPANT. 

The  Holland  Company  has  been  specially  favored.  The  first  boat 
that  this  company  attempted  to  build  was  the  Plu/iger.  This  construc- 
tion was  a  Government  contract.  The  Navy  Department  expended 
about  $90,000  in  partial  payment  before  it  was  evident  to  the  con- 
tractors that  the  boat  could  not  meet  official  requirements.  The 
company  advanced  but  comparatively  little  money  in  taking  that  con- 
tract. Then  the  Holland  was  built  by  the  company  with  its  own 
funds.  This  was  an  enterprising  performance;  but  it  must  be  remem- 
bered that  the  company  was  $90,000  in  debt  to  the  Government,  and 
therefore  further  risks  were  taken  to  protect  the  interests  and  sustain 
the  prestige  of  the  company.  Afterwards  six  additional  boats  were 
authorized  by  Congress  at  a  cost  of  $170,000  each,  the  same  price  that 
was  paid  for  the  Holland.  The  Chief  Constructor  of  the  Navy  has  testi- 
fied that  a  proper  cost  of  building  these  boats  exclusive  of  the  use  of  the 
patents  (to  which  be  attaches  very  little  value)  will  be  about  $90,000. 
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Although  the  last  six  boata  cootracted  for  are  nearly  a  year  late  in 
delivery,  friends  of  the  Holland  Company  made  the  modest  request  of 
the  Congress  that  th»  Secretary  of  the  Navy  be  required  to  contract 
with  the  Company  for  thirty  of  its  most  improved  types  of  submarine 
boats.  A  still  more  modest  request  was  presented  that  no  contract 
shall  be  made  with  the  said  company  for  thirty  boats  until  mie  of  the 
Holland  boats  now  being  built  for  the  Navy  Department  shall  have 
been  accepted  by  the  Secretary  of  the  Navy. 

The  Department  certainly  expects  that  all  the  six  boats  under  con- 
struction will  be  compelled  to  make  contract  requirements.  In  case 
of  failure  the  contractors  have  recouive  for  relief  by  officially  appeal- 
ing to  the  Department.  It  certainly  would  be  a  remarkable  precedent 
to  establish  to  contract  for  more  boata  of  this  type  after  only  ons  of 
the  six  under  construction  performed  in  a  satisfactory  manner. 

THE  HOLLAND  AND  LAKE  COMPANIES  CLAIM  TO  BE  DESntOUS  OT 
BNTEMNO  THEIK   BOATS  INTO  COMPETITION. 

The  Holland  boats  now  nearing  completion  will  have  to  contend  for 
superiority  during  the  coming  year  with  a  boat  of  the  Lake  design. 
These  rival  boats  are  of  quite  different  type.  The  issue  at  stake  is  of 
moment  to  both  companies  and  to  the  naval  service.  In  an  official 
hearing  on  submarine  boats  before  the  Senate  Committee  on  Naval 
Affairs,  a  representative  of  the  Lake  Company  declared: 

"As  has  been  said,  we  arc  merely  on  the  verge  of  submarine  knowl 
edge.  We  do  not  know  much  about  it  yet,  and  much  will  be  a  mat- 
ter of  experiment;  but  of  the  two  boats  we  are  very  confident  that  the 
Lake  boat,  all  around,  is  a  superior  boat  to  the  Holland:  and  if  ibis 
not,  the  gentlemen  who  are  back  of  it,  and  who  have  confidence  in  it, 
are  willing  that  the  $250,000  that  they  have  invested  shall  go  on  the 
scrap  heap.  They  have  confidence  to  Relieve  that  their  boat  has  merit, 
and  all  they  ask  is  that  it  shall  be  submitted  to  a  test." 

At  the  same  hearing  on  submarine  boats  a  representative  of  the 
Holland  Company  spoke  thus  in  regard  to  the  out^rome  of  a  possible 
t«st: 

"We  do  not  object  to  competition  in  the  slightest  degree.  If  Mr. 
Lake  has  a  better  boat  than  oui-s,  if  he  will  conform  to  all  the  require 
mentis  that  have  been  required  of  us,  let  him  come  in;  and  if  he  beats 
us,  we  will  simply  go  out  of  business." 

OONSTKUCnVE    FEATURES   OF   THE   I^KE    AND   HOLLAND    BOATS. 

As  the  Lake  design  is  the  latest  Richmond  in  the  field  of  submarine- 
boat  construction,  although  its  inventor  has  given  twenty  years  of 
study  to  the  question,  it  may  be  pertinent  to  show  in  a  comparative 
and  comprehensive  manner  the  constructive  features  of  the  rival  types. 
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iat«  boat. 

Length  over  all,  65  f«et. 
Breadth  ol  beam,  11  fe«t. 
DiBplacement  afloat,  115  tons. 
Surhc«  buoyaniry,  55  tone. 
Engine  horaepower  260,  applied  direct 
to  shaft. 

Battery  caparity,  75  horsepower  forfoar 

Twin  screw. 

HdH  Bufflcient  strength  to  submerge 
150  feet. 

AnDameut,  3  Whitehead  torpedo  fir- 
ing tubefl. 

Means  ol  submerging,  3.  Admitting 
water  ballHst,  submertring  with  the  use  of 
hydroplanes,  and  hauling  down  to  the 
bottom  or  to  any  deaired  depth  by  anchor 
weights. 

Means  of  coming  to  the  surface.  4. 
Dischar^g  water  ballast  by  either  com- 
pKteed  air,  power  or  hand  pumps;  by 
the  hydroplanes,  when  under  way;  by 
lowering  the  an<;hor  weights  and  by  re- 
leasing the  drop  keel. 

Fuel-carrying  capacity,  1,4(X)  gallons. 

t^peetl  (estimated),  10  to  11  knots, 

Submerged  speed  (estimated),  7  knots. 

Means  of  traveling  on  the  bottom. 

Kubmergee  on  a  level  keel. 

Means  to  enable  divers  to  leave  and 
ent«r  the  vessel  while  submerged. 

Automatic  and  positive 


Means  to  measure  distance    traveled 
when  submerged. 
Invisibility  in  a  semisubmerged  (ion- 
Capability  ol  steering  long  and  correct 

Automatically  controlling  depth  of 
6ubmer(;ing. 

Means  forcutting  cables  and  for  mining 
and  <'ounlermiuing  purposes. 

A  water-tight  superstructure  affording 
deck  Bpaee  and  su^cient.  buoyancy  to 
make  her  seaworthy  and  also  afiord 
space  for  storage  of  fuel,  air  tanks,  etc 

Automatic  drop  keel  and  other  auto- 
matic features  to  prevent  submerging 
below  a  saf?  depth. 


HoUand  boot*. 

Length  over  all,  63  feet  4  inches. 

Breadth  of  beam,  11  feet  6  inches. 

Displacement  afloat,  105  tons. 

Surface  buoyancy,  15  tons. 

Engine  horsepower  160,  lees  a  consid- 
eiahle  loss  due  to  driving  indirectly 
through  gearing. 

Battery  capacity,  70  horsepower  for  four 

Single  screw. 

Strength  of   hull   approximately  the 

Armament,  1  Whitehead  firing  tube. 

Means  of  submerging,  2.  Admitting 
water  ballast  and  driving  with  horizontal 
rudders. 


Means  of  coming  to  the  surface,  ' 
Discharging  water  Itallast  and  use  < 
horizontal  rudders  when  under  way. 


Fuel-carrying  capacity,  S50  gallons. 
Speed  (estimated),  8  knots. 
Submeiged  speed  (estimated),  7  knots. 

Dives  by  the  bow  at  varying  angles. 
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Lake  boat — Continued.  |  HoUand  boaU — CoDtJDued. 

Gasoline  fuel  carried  in  Boperstructure        Fuel,  gasoline,  earned  in  tanks  in  th 
where  eecapuw  gas  or  leakage  would  not     living  quarters  of  the  boat 
injure  crew. 

Ample  ofltcen'  and  crewa'  quarters 
with  cooking  and  eleepiufi  facilitiee. 

Provision  for  eecape  of  crew  in  case 
of  partial  dieablement  of  vessel  while  . 
submerged.  I 

NAVAL    EXPERTS    DIFTBR   AB  TO   THE    RELATIVE    MERITS    OF    THE    LAB 
AKD  HOLLAtJD  BOATS  FOK  NAVAL  PURPOSES. 

The  Lake  boat  has  also  to  turn  promioes  into  perforinances. 
representative  of  the  Bureau  of  Steam  Engineering,  however,  wl 
wa«  specially  directed  to  visit  Bridgeport,  Connecticut,  upon  repeat 
occasions,  to  report  upon  the  Lake  boat,  and  has  given  special  stu( 
of  the  subject,  thus  officially  testifies  as  to  her  probable  performani 

"In  niy  opinion  the  Lake  boat  will  be  shown  before  the  end  of  t 
year  to  be  a  far  superior  craft  for  naval  purposes  than  the  Hollai 
Her  superiority  will  not  only  rest  in  special  contrivances  that  i 
fitted  to  the  boat,  but  in  the  manner  in  which  the  propellinpf  and  otl 
appliances  have  been  installed/' 

In  opposition  to  this  testimony  is  the  evidence  of  the  naval  c 
structor  who  supervised  the  building  of  the  Holland  boats.  1 
officer  stated  that  in  his  opinion  "the  Holland  l>oat  is  far  superior 
military  purposes."     He  also  said: 

"The  Holland  boat  is  designed  as  a  submarine  torpedo  boat.  ' 
Lake  boat,  if  we  allow  the  inventor  all  he  claims, everything  he  cle 
to-day,  becomes  in  effect  a  dirigible  self-supporting  diving  ve! 
which  would  be  useless  for  a  torpedo  boat  compared  with  the  Hoi 

type;  and  the  use  of  a  diving  boat — that  is,  for  countermining ' 

very  small  military  value  compared  with  the  successful  use  of  the 
pedo  boat." 

Further  construction  of  submarines  should  be  delayed  until  a 
petitive  test  of  the  Lake  and  Holland  boats  can  be  made.      In  vid 
the  conflict  of  opinion  upon  the  part  of  counsel  of  the  respective 
marine  boat  companies,  and  of  expert  testimony  upon    the   n 
naval  officers,  the  Department  is  justified  in  withholding  all  co   t 
until  it  is  definitely  detei-mined  whether  the  Lake  boat  ah      i 
consigned  to  the  scrap  heap,  or  whether  the  Holland  compan 
go  out  of  business.     In  the  fight  to  a  finish  between  these    ■ 
the  Department  will  be  the  beneficiary.     It  is  manifestlv  to  i-K   ^ 
est  of  the  Department  to  always  encourage  competition    f        ^ 
competitor  can  only  win  by  giving  the  Navy  somethinjr   k->«, 
it  has  possessed  heretofore.  *** 
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SPnUTED  OOMPBTITION  IN  SUBMARINE-BOAT  OONflTRUOTION  EXTBEHELT 
BENEFIOIAI_ 

The  advent  of  the  Lake  company  into  the  field  of  aubmariDe-boat 
construction  has  been  of  incalculable  advantage  to  the  interest  of  the 
Government.  The  strong  prenentation  of  the  merits  of  this  boat  has 
materially  a^i:jted  in  preventing  the  naval  service  from  being  saddled 
with  dozens  of  boats  of  a  type  whose  efficiency  and  utility  has  yet  to 
be  demonstrated  to  the  satisfaction  of  the  Board  of  CoDstruction  of 
the  Navy  Department,  as  well  as  to  the  Congress. 

The  problem  of  a  submarine  may  not  only  involve  a  change  in  naval 
construction,  but  a  revolution  in  naval  tactics.  That  nation  will  fall 
behind  in  relative  naval  strength  of  every  description  which  refuses 
to  encourage  competition  among  designers,  and  which  is  wedded  to 
the  belief  that  in  this  mechanical  age  the  solution  of  any  technical 
,  problem  can  only  be  solved  by  a  few  persons. 

THE   POLICY   OF    EXPERIMENTATION  A   WtSB  OKK. 

Before  the  Congress  again  assembles  the  Navy  of  the  United  States 
should  have  some  definite  knowledge  as  to  the  capabilities  and  possi- 
bilities of  submarine  boats.  The  boats  now  under  construction  should 
lie  commissioned  immediately  after  they  have  met  contract  require- 
nients.  Then  they  should  be  subjected  to  surface  and  submerged  runs 
which  will  not  only  show  their  endurance  in  these  respects,  but  also 
the  limit  of  endurance  of  the  working  crews.  It  can  be  expected  that 
the  several  young  officers  placed  in  charge  of  the  boats  will  be  intent 
upon  making  their  individual  commands  the  most  efficient.  By  thus 
creating  a  spirited  rivalry  between  these  young  commanders  the  prac- 
tical advantage  and  disadvantage  of  the  craft  will  be  ascertained. 

Our  policy  as  regards  further  construction  should  therefore  be  in 
the  direction  of  finding  out  the  actual  military  value  of  the  boats  that 
w(3  have  contracted  for.  We  should  also  determine  the  relative  worth 
of  these  boats  as  compared  with  craft  of  different  designs. 

Time  is  not  an  essential  element  in  this  matter,  for  by  offering  a 
premium  for  rapid  speed  construction  it  will  be  possible  to  induce 
many  shipbuilders  to  construct  them  within  six  months.  If  the 
inducement  is  made  sufficiently  attractive,  there  are  shipbuilders  who 
will  guarantee  to  do  the  work  in  four  months. 

The  policy  of  determining  the  substantial  worth  of  the  boats  now 
under  construction  before  authorizing  more  of  this  special  type  has 
been  urged  by  the  Board  of  Construction  of  the  Navy.  This  Board 
consists  of  the  chiefs  of  the  Bureaus  of  Ordnance,  Steam  Engineering, 
Construction  and  Equipment,  also  the  Chief  Intelligence  Officer  of  the 
Navy.  Such  a  board  should  have  opportunities  for  securing  reliable 
information  upon  the  subject.  The  General  Board  of  the  Navy,  pre- 
tx  1901 47 
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aided  over  by  Admiral  Dewey,  also  believes  in  the  policy  of  finding^ 
out  the  possibilities  of  the  boats  that  are  nearing  completion.  The 
Chief  of  the  Bureau  of  Navigation,  the  President  of  the  War  College, 
and  »everal  of  the  gallant  captains  who  fought  at  Manila  and  Santiago 
are  members  of  this  Board,  and  surely  such  men  have  the  best  interest 
of  the  service  at  heart.  The  Secretary  of  the  Navy  approves  such  a 
policy  of  experimentation.  The  Congress  of  the  United  States,  after 
carefully  considering  the  matter,  refused  to  authorize  any  further 
construction.  Such  a  proposition  must  favorably  commend  itself  to 
all  fair-minded  and  business  men,  even  though  it  may  be  opposed  by 
those  who  have  wares  to  sell. 

AN  APPROVED  TTPE  OF  8UBHAKINE  HAS  NOT  TET  BEEN  DEVELOPED  FOR 
THE  NAVY. 

The  Navy  can  well  afford  to  wait  before  settling  upon  an  approved 
type  of  submarine  boat  The  more  haste  that  is  exercised,  the  more 
liable  the  naval  service  is  to  be  misled  by  the  promises  of  promoters. 

There  is  practically  no  conflict  of  opinion  in  the  Navy  as  to  the  value 
and  efiicieucy  of  the  battle  ship.  The  same  general  testimony  will  be 
cheerfully  paid  to  the  work  of  the  submarine  when  it  is  developed  to 
a  state  where  it  is  an  efficient  and  reliable  weapon  of  war. 

No  attempt  has  been  made  in  this  monograph  to  tell  of  the  advan- 
tages of  an  efficient  and  reliable  submarine.  The  possibilities  are  only 
limited  by  the  im^ination  of  the  reader. 

Washington  City, 

Juns,  1902. 
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COMMEMORATION  OF  PBOF.  itENRY  A.  ROWLAND." 


By  Dr.  Thoiwa8  C.  Mendenhall. 

[The  colle^ues,  pupila,  and  friends  of  the  late  Professor  Rowland 
asHenibled  Saturday,  October  26, 1901,  at  12  noon,  in  the  lecture  room 
of  the  physical  laboratory,  to  commemoi-ate  the  life  and  iwrvices  of 
the  distinguished  physicist.  An  address,  which  is  printed  below,  was 
delivered  by  Dr.  Thomas  C.  Mendenhall,  recently  president  of  the 
Worcester  Polytechnic  Institute.] 

ADDRESS  OF    t'BOFESSOR  HKNDENHALL. 

In  reviewing  the  scientific  work  of  Professor  Rowland  one  is  most 
impressed  by  its  originality.  In  quantity,  as  measured  by  printed 
page  or  catalogue  of  titles,  it  has  lieen  exceeded  by  many  of  his  con- 
temporaries; in  quality  it  is  equaled  by  that  of  only  a  very,  very 
small  group.  The  entire  collection  of  his  imjwrtant  papers  does  not 
exceed  30  or  40  in  number,  and  his  unimportant  papers  were  few. 
When,  at  the  unprecedentedlj'  early  age  of  33  years,  be  was  elected 
to  membership  in  the  National  Academy  of  Sciences,  the  Iwt  of  his 
published  contributions  to  science  did  not  contain  over  a  dozen  titles, 
but  any  one  of  not  less  than  a  half-dozen  of  these,  including  what  may 
properly  be  trailed  his  very  first  original  investigation,  was  of  such 
quality  as  to  fully  entitle  him  to  the  distinction  then  conferred. 

Fortunately  for  him,  and  for  science  as  well,  he  lived  during  a 
period  of  almost  unpuralleled  intellectual  activity,  and  his  work  was 
done  during  the  last  quarter  of  that  century  to  which  we  shall  long  turn 
with  admiration  and  wonder.  During  these  twenty-five  years  the 
number  of  industrious  cultivators  of  his  own  favorite  lield  increased 
enormously,  due  in  large  measure  to  the  stimulating  effect  of  his  own 
enthusiasm,  and  while  there  was  only  here  and  there  one  possessed 
of  the  divine  afflatus  of  true  genius,  there  were  many  ready  to  labor 
most  assiduously  in  fostering  the  growth,  development,  and  final 
fruition  of  germs  which  genius  stopped  only  to  plant.  A  proper 
estimate  of  the  magnitude  and  extent  of  Rowland's  work  would 
require,  therefore,  a  careful  examination,  analytical  and  historical, 

■Reprinted,  by  permiaeion,  from  Johns  Hopkina  (JniverHity  Circulars,  Vol.  XXI, 
No.  154,  Baltimore,  December,  1901. 
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of  the  entire  mass  of  contributions  to  physical  science  during  the  past 
twenty -five  years,  many  of  his  own  Iwing  fundamental  incliaracterand 
far-reaching  in  their  influence  upon  the  trend  of  thought,  in  theory 
and  in  practice.  But  it  was  quality,  not  quantity,  that  he  himself  most 
esteemed  in  any  performance;  it  was  quality  that  always  commanded 
his  admiration  or  excited  him  to  keenest  criticism.  No  one  rect^nized 
more  quickly  than  he  a  real  gem,  however  minute  or  fragmentary  it 
might  be,  and  by  quality  rather  than  by  quantity  we  prefer  to  judge 
bis  work  to-day,  as  he  would  himself  have  chosen. 

Kowland's  first  contribution  to  the  literature  of  science  took  the  form 
of  a  letter  to  The  Scientific  American,  written  in  the  early  autumn  of 
1865,  when  he  v/aa  not  yet  17  years  old.  Much  to  his  surprise  this 
letter  was  printed,  for  he  says  of  it,  "  I  wrote  it  as  a  kind  of  joke  and 
did  not  expect  them  to  publish  it."  Neither  its  humor  nor  its  sense, 
in  which  it  was  not  lacking,  seems  to  have  been  appreciated  by  the  ■ 
editor,  for  by  the  admission  of  certain  typographical  errors  he  practi- 
cally destroyed  both.  The  embryo  physicist  got  nothing  but  a  little 
quiet  amusement  out  of  thix,  but  in  a  letter  of  that  day  be  declares  his 
intention  of  some  time  writing  a  sensible  article  for  the  journal  that  so 
unexpectedly  printed  what  he  meant  to  be  otherwise.  This  resolution 
he  seems  not  to  have  forgotten,  for  nearly  six  years  later  there  appeai-ed 
in  its  columns  what  was,  as  far  as  is  known,  his  second  printed  paper 
and  his  first  serious  public  discussion  of  a  scientific  question.  It  was 
a  keen  criticism  of  an  invention  which  necessarily  involved  the  idea  of 
perpetual  motion,  in  direct  conflict  with  the  great  law  of  the  conserva- 
tion of  energy  which  Rowland  had  already  grasped.  It  was,  as  might 
be  expected,  thoroughly  well  done,  and  received  not  a  little  compli- 
mentary notice  in  other  journals.  This  was  in  1871,  the  year  following 
that  in  which  he  was  graduated  as  a  civil  engineer  from  the  Bensselaer 
Polytechnic  Institute,  and  the  article  was  written  while  in  the  field  at 
work  on  a  preliminary  railroad  survey.  A  year  later,  having  returned 
to  the  ihstituteas  instructor  in  physics,  he  published  in  the  Journal  of 
the  Franklin  Institute  an  article  entitled  "Illustrations  of  resonances 
and  actions  of  a  similar  nature,"  in  which  he  described  and  discussed 
various  examples  of  resonance  or  "'Hympathetic"  vibration.  This 
paper,  in  a  way,  marks  his  admission  to  the  ranks  of  professional  stu- 
dents of  science  and  may  be  properly  considered  as  his  first  formal 
contribution  to  scientific  literature.  His  last  was  an  exhaustive  article 
on  spectroscopy,  a  subject  of  which  he,  above  all  others,  was  master, 
prepared  for  a  new  edition  of  the  Encyclopsedia  Brttannica,  not  yet 
published.  Early  in  1H73  the  American  Journal  of  Science  printed  a 
brief  note  by  Rowland  on  the  spectrum  of  the  Aurora,  sent  in  response 
to  a  kindly  and  always  appreciated  letter  from  Prof.  George  F.  Barketf 
one  of  the  editors  of  that  journal.  It  is  interesting  ae  mat  king  the 
beginning  of  bis  optical  work.     For  a  year,  or  perhaps  for  aevenU 
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yeara,  previous  to  this  time,  however,  he  had  been  busily  engaged  on 
what  proved  to  be,  in  its  influence  upon  his  future  career,  the  most 
important  work  of  his  life.  To  climb  the  ladder  of  reputation  and 
success  by  simple,  easy  steps  might  have  contented  Rowland,  but  it 
would  have  been  quite  out  of  harmony  with  hit>  bold  spirit,  his  extraor- 
dinary power  of  analysis,  and  his  quick  recognition  of  the  relation  of 
things.  By  the  aid  of  apparatus  entirely  of  his  own  construction  and 
by  methods  of  his  own  devising,  he  had  made  an  investigation  both 
theoretical  and  experimental  of  the  magnetic  permeability  and  the 
maximum  magnetization  of  iron,  steel,  and  nickel,  a  subject  in  which 
he  had  been  interested  in  his  boyhood.  On  June  9,  1873,  in  a  letter 
to  his  sister,  he  says:  "I  have  just  sent  off  the  results  of  my  experi- 
ments to  the  publisher  and  expect  considerable  from  it;  not,  however, 
fittby  lucre,  but  good,  substantial  reputation. "  What  he  did  get  from 
it,  at  first,  wasonlydisappointmentand  discouragement.  It  was  more 
than  once  rejected  because  it  was  not  understood,  and  finally  he  ven- 
tured to  send  it  to  Clerk  Maxwell,  in  England,  by  whose  keen  insight 
and  profound  knowledge  of  the  subject  it  was  instantly  recognized  and 
appraised  at  its  full  value.  Uegretting  that  the  temporary  suspension 
of  meetings  made  it  impossible  for  him  to  present  the  paper  at  once  to 
the  Royal  Society,  Mttxwell  said  he  would  do  the  next  best  thing,  which 
was  to  send  it  to  the  Philosophical  Magazine  for  immediate  publication, 
and  in  that  journal  it  appeared  in  August,  1873,  Maxwell  himself  hav- 
ing corrected  the  proofs  to  avoid  delay.  The  importance  of  the  paper 
was  promptly  recognized  by  European  physicists,  and  abroad,  if  not 
at  home,  Rowland  at  once  took  high  rank  as  an  investigator. 

In  this  research  he  unquestionably  antici{»ted  all  others  in  the  dis- 
covery and  announcement  of  the  beautifully  simple  law  of  the  mag- 
netic circuit,  the  magnetic  analogue  of  Ohm's  law,  and  thus  laid  the 
foundation  for  the  accurate  measurement  and  study  of  magnetic  per- 
meability, the  importance  of  which,  both  in  theory  and  practice  during 
recent  years,  it  is  difBcult  to  overestimate.  It  has  always  seemed  to 
me  that  when  consideration  is  given  to  his  age,  his  training,  and  the 
conditions  under  which  his  work  was  done,  this  early  paper  gives  a 
better  mea.<jure  of  Rowland's  genius  than  almost  any  performance  of 
his  riper  years.  During  the  next  year  or  two  he  continued  to  work 
along  the  same  lines  in  Troy,  publishing  not  many,  but  occasional, 
additions  to  and  developments  of  his  first  magnetic  research.  There 
was  also  a  paper  in  which  he  discussed  Kohlrausch's  determination  of 
the  absolute  value  of  the  Siemens  unit  of  electrical  resistance,  fore- 
shadowing the  important  part  which  he  was  to  play  in  later  years  in 
the  final  establishment  of  standards  for  electrical  measurement. 

In  1875,  having  been  appointed  to  the  professorship  of  physics  in 
the  Johns  Hopkins  University,  the  facul^  of  which  was  just  then 
being  organized,  he  visited  Europe,  spending  the  better  part  of  a  year 
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in  the  various  ceiiter.i  of  scientific  activity,  including  several  months 
at  Berlin  in  the  laboratory  of  the  greatest  Continental  physicist  of  hi« 
time,  Von  Helmholtz.  While  there  he  made  a  very  important  investi- 
gation of  the  magnetic  effet^t  of  moving  electi-ostatic  <-hai^e8,  a  ques- 
tion of  first  rank  in  theoretical  interest  and  significance.  His  manner 
of  planning  and  executing  this  research  made  a  marked  impression 
upon  the  distinguished  director  of  the  laboratory  in  which  it  was  done, 
and,  indeed,  upon  all  who  had  any  relations  with  Rowland  during  its 
progress.  He  found  what  Von  Helmholtz  himself  had  sought  for  in 
vain,  and  when  the  investigation  wa^  finished  in  a  time  which  seemed 
incredibly  short  to  his  more  deliberate  and  painstaking  associates,  the 
director  not  only  paid  it  the  compliment  of  an  immediate  presentation 
to  the  Berlin  AcHdemy,  but  voluntarily  met  all  expenses  connected 
with  its  execution. 

The  publication  of  this  research  added  much  to  Rowland's  rapidly 
growing  reputation,  and  liecnust^  of  that  fact,  as  well  tis  on  account  of 
its  intrinsic  value,  it  is  important  to  note  that  his  conclusions  have 
been  held  in  question,  with  varying  degrees  of  confidence,  from  the  day 
of  their  announcement  to  the  pres<'nt.  The  experiment  is  one  of 
great  difficulty  and  the  effect  to  be  looked  for  is  very  small  and  there- 
fore likely  to  be  lost  among  unrecognized  instrumental  and  observa- 
tional errors.  It  was  characteristic  of  Rowland's  genius  that  with 
comparatively  crude  apparatus  he  got  at  the  truth  of  the  thing  in  the 
very  staii.  Others  who  have  attempted  to  repeat  his  work  have  not 
been. uniformly  successful,  some  of  them  obtaining  a  wholly  negative 
result,  even  when  using  apparatus  apparently  more  complete  and 
effective  than  that  first  employed  by  Rowland.  Such  was  the  experi- 
ence of  Lecher  in  1«S4,  but  in  ISSS  ROntgen  confirmed  Rowland's 
experiments,  detecting  the  existence  of  the  alleged  effect.  The  result 
seeming  to  bti  in  doubt,  Rowland  himself,  assisted  by  Hutchinson,  in 
1S89  took  it  up  again,  using  essentially  his  original  method,  but 
employing  more  elaborate  and  sensitive  appamtus.  They  not  only 
confirmed  the  early  experiments,  but  were  able  to  show  that  the 
results  were  in  toleiably  close  agreement  with  computed  values.  The 
repetition  of  the  experiment  by  Hiinstedt  in  the  same  year  resulted 
in  the  same  way,  but  in  1897  the  genuineness  of  the  phenomenon  was 
again  called  in  question  by  a  series  of  experiments  made  at  the  sug- 
gestion of  Lippmann,  who  had  proposed  a  study  of  the  reciprocal  of 
the  Rowland  effect,  according  to  which  variations  of  a  magnetic  field 
should  produce  a  movement  of  an  electrostatically  charged  l)ody. 
This  investigation,  carried  out  by  Or^mieu,  gave  an  absolutely  nega- 
tive result,  and  because  the  method  was  entirely  different  from  that 
employed  by  Rowland,  and  therefore  unlikely  to  be  subject  to  the 
same  systeniatic  errors,  if^natui-ally  had  much  weight  with  those  who 
doubted  his  original  conclusions.     Realizing  the  necessity  tor  addi- 
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tional  evidence  in  corroboration  of  his  views,  in  the  fall  of  the  year 
190()  the  problem  was  again  attacked  in  his  own  laboratory',  and  be  had 
the  satisfaction,  only  a  short  time  before  his  deatli,  of  seeing  a  com- 
plete confirmation  of  the  results  he  bad  announced  a  quarter  of  a 
century  earlier,  concerning  which,  however,  there  had  never  been  the 
slightest  doubt  in  bis  own  mind.  It  is  a  further  satisfaction  to  his 
friends  to  know  that  a  very  recent  investigation  at  the  Jefferson 
Physical  Laboratory  of  Harvard  University,  in  which  Rowland's  meth- 
ods were  modified  so  as  to  meet  eflecti  ely  the  objections  made  by  his 
critics,  has  resulted  in  a  complete  verification  of  his  conclusions. 

On  his  return  from  Europe,  in  1876,  his  time  was  much  occupied 
with  the  beginning  of  the  active  duties  of  his  profesttorship,  and  espe- 
cially in  putting  in  order  the  equipment  of  the  laboratory  over  which 
he  was  to  preside,  much  of  which  he  had  ordered  while  in  Europe.  In 
its  arrangement  a  great  many  of  his  friends  thought  undue  prominence 
was  given  to  the  workshop,  its  machinery,  tools,  and  especially  the 
men  who  were  to  be  employed  in  it.  He  planned  wisely,  however,  for 
he  meant  to  see  to  it  that  much,  perhaps  most,  of  the  work  under  his 
direction  should  be  in  the  nature  of  original  investigation,  for  the  suc- 
cessful execution  of  which  a  well-manned  and  equipped  workshop  ia 
worth  more  than  a  storehouse  of  apparatus  already  designed  and  used 
by  others. 

He  shortly  found  leisure,  however,  to  plan  an  elaborate  research 
upon  the  mechanical  equivalent  of  heat,  and  to  design  and  supervise 
the  construction  of  the  necessary  apparatus  for  a  determination  of  the 
numerical  value  of  this  moat  important  physical  constant,  which  he 
determined  should  be  exhaustive  in  character  and,  for  some  time  to 
come,  at  least,  definitive.  While  this  work  lacked  the  elements  of 
originality  and  boldness  of  inception  by  which  many  of  his  principal 
researches  are  characterized,  it  was  none  the  less  important.  While 
doing  over  again  what  othei's  had  done  before  him,  he  meant  to  do  it, 
and  did  do  it,  on  a  scale  and  in  a  way  not  before  attempted.  It  was  one 
of  the  gmat  constants  of  nature,  and,  besides,  the  experiment  was  one 
surrounded  by  difficulties  so  many  and  so  great  that  few  possessed  the 
courage  to  undertake  it  with  the  deliberate  expectation  of  greatly  excel- 
ling anything  before  accomplished.  These  things  made  it  attractive  to 
Rowland. 

The  overthrow  of  the  materialistic  theory  of  heat,  accompanied  aa 
it  was  by  the  experimental  proof  of  its  real  nature,  namely,  that  it  is 
essentially  molecular  energy,  laid  the  foundation  for  one  of  those  two 
great  generalizations  in  science  which  will  ever  constitute  the  glory  of 
the  nineteenth  century.  The  mechanical  equivalent  of  heat,  the  num- 
ber of  unit*"  of  work  necessary  to  raise  1  pound  of  water  1"  in  tempera- 
tui-e,  ha.s,  with  much  reason,  been  called  the  golden  number  of  that 
century.     Its  determination  was  begun  by  an  American,  Count  Rum- 


744  COMMEMORATION   OV   PROP.   HENRY    A.   ROWLAND. 

ford,  and  finished  by  Kowland  nearly  a  hundred  yeattt  later.     In  prin- 
ciple the  method  of  Rowland  was  esnentially  that  of  Rumford.    The  first 
determination  wae,  an  we  now  know,  in  eri"or  by  nearly  40  per  cent; 
the  last  is  probably  accurate  within  a  small  fraction  of  1  per  vent. 
Rumford  began  the  work  in  the  ordnance  foundry  of  the  Elector  of 
Bavaria,  at  Munich,  converting  mechanical  energy  into  heat  by  means 
of  a  blunt  boring  tool  in  a  cannon  surrounded  by  a  detinite  quantity  of 
water,  the  rise  in  temperature  of  which  could  be  measured.     Rowland 
finished  it  in  an  establishment  founded  for  and  dedicated  to  the  increase 
and  diffusion  of  knowledge,  aided  by  all  the  resources  and  i-efiuemeDts 
ta  measurement  which  a  hundred  years  of  exact  science  had  made  pos- 
sible.    As  the  mechanical  theory  of  heat  was  the  germ  out  of  which 
grew  the  principle  of  the  conservation  of  energy,  an  exact  determina- 
tion of  the  relation  of  work  and  heat  was  necessary  to  a  rigorous  proof 
of  that  .principle,  and  Joule,  of  Manchester,  to  whom  belongs  more  of 
the  credit  for  this  proof  than  to  any  other  one  man,  or,  perhaps,  to  all 
others  put  together,  experimented  on  the  mechanical  equivalent  of 
heat  for  more  than  forty  years.     He  employed  various  methods,  finally 
recurring  to  the  early  method  of  heating  water  by  friction,  improving 
on  Rumford's  device  by  creating  friction  in  the  water  itself.     Joule's 
last  experiments  were  made  in  1878,  and  most  of  Rowland's  work  was 
done  in  the  year  following.     It  excelled  that  of  Joule,  not  only  in  the 
magnitude  of  the  quantities  to  be  observed,  but  especially  in  the  greater 
attention  given  to  the  matter  of  thermometry.     In  conmion  with  Joule 
and  other  previous  investigators,  he  made  use  of  mercury  thermome- 
ters, but  this  was  only  for  convenience,  and  they  were  constantly  com- 
pared with  an  air  thermometer,  the  result^j  being  finally  reduced  to  the 
absolute  scale.     By  experimenting  with  water  at  different  initial  tem- 
peratures he  obtained  slightly  different  values   for   the   mechanical 
equivalent  of  heat,  thus  establishing  beyond  question  the  variabilis 
of  the  specific  heat  of  water.     Indeed,  so  carefully  and  accurately  was 
the  experiment  worked  out  that  he  was  able  to  draw  the  variation 
curve  and  to  show  the  existence  of  a  minimum  value  at  30°  C. 

This  elaborate  and  painstaking  research,  which  is  now  classical,  was 
everywhere  awarded  high  praise.  It  was  published  in  full  by  the 
American  Academy  of  Arts  and  Sciences  with  the  aid  of  a  fund  origl- 
nally  established  by  Count  Rumford,  and  in  18S1  it  was  crowned  aa  a 
prize  essay  by  the  Venetian  Institute.  Its  conclusions  have  stood  the 
test  of  twenty  years  of  comparison  and  criticism. 

In  the  meantime  Rowland's  interest  had  been  drawn,  largely  per- 
haps through  his  association  with  his  then  colleague.  Professor  Hast- 
ings, toward  the  study  of  light.  He  was  an  early  and  able  exponent 
of  Maxwell's  magnetic  theory,  and  he  published  important  theoretical 
discussions  of  electro- magnetic  action.  Recognizing  the  paramount 
importance  of  the  si>ectrum  a.s  a  key  to  the  rKilution  of  problems  in 
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ether  phjaics,  he  set  about  improving  the  methods  by  which  it  was 
produced  and  studied,  and  was  thus  led  into  what  will  probably  always 
be  regarded  as  his  highest  scientific  achievement. 

At  that  time  the  almost  universally  prevailing  method  of  studying 
the  spectrum  was  by  means  of  a  prism  or  a  train  of  prisms.  But  the 
pHsmatic  spectrum  is  abnormal,  depending  for  its  character  largely 
upon  the  material  made  ate  of.  The  normal  spectrum  as  produced  by  a 
grating  of  fine  wires  or  a  close  ruling  of  fine  lines  on  a  plane  reflecting 
or  transparent  surface  had  been  known  for  npArly  a  hundred  years, 
and  the  colors  produced  by  scratches  on  polished  surfaces  were  noted 
by  Robert  Boyle  more  than  two  hundred  years  ago.  Thomas  Young 
had  correctly  explained  the  phenomenon  according  to  the  undulatory 
theory  of  light,  and  gratings  of  fine  wire  and,  later,  of  rulings  on 
glass  were  used  by  Fraunhofer,  who  made  the  first  great  study  of  the 
dark  lines  of  the  solar  spectrum.  Imperfect  as  these  gratings  were, 
Fraunhofer  succeeded  in  making  with  them  some  remarkably  good 
measures  of  the  length  of  light  waves,  and  it  was  everywhere  admitted 
that  for  the  most  precise  spectrum  measurements  they  were  indispen- 
sable. In  their  construction,  however,  there  were  certain  mechanical 
difficulties  which  seemed  for  a  time  to  be  insuperable.  Thei*e  was  no 
special  trouble  in  ruling  lines  as  cloae  together  as  need  be;  indeed, 
Nobert,  who  was  long  the  most  successful  maker  of  ruled  gratings,  had 
succeeded  in  putting  as  many  as  106,000  in  the  space  of  a  single  inch. 
The  1*681  difficulty  was  in  the  lack  of  uniformity  of  spacing,  and  on 
uniformity  depended  the  perfection  and  purity  of  the  spectrum  pro- 
duced. Nobert  jealously  guarded  his  machine  and  method  of  ruling 
gratings  as  a  trade  secret,  a  precaution  hardly  worth  taking,  for  before 
many  years  the  best  gratings  in  the  world  were  made  in  the  United 
Stat*!^. 

Wore  than  thirty  years  ago  an  amateur  astronomer  in  New  York  City, 
a  lawyer  by  profession,  Lewis  M,  Rutherfurd,  became  interested  in 
the  subject  and  built  a  ruling  engine  of  his  own  design.  In  this 
machine  the  motion  of  the  plate  on  which  the  lines  were  ruled  was 
produced  at  first  by  a  somewhat  complicated  set  of  levers,  for  which  a 
carefully  made  screw  was  afterwards  substituted.  Aided  by  the 
skill  and  patience  of  his  mechanician.  Chapman,  Rutherfurd  con- 
tinued to  improve  the  construction  of  his  machine  until  he  was  able  to 
produce  gratings  <m  glass  and  on  speculum  metal  far  superior  to  any 
made  in  Europe.  The  best  of  them,  however,  were  still  faulty  in 
respect  to  uniformity  of  spacing,  and  it  was  impossible  to  cover  a 
apace  exceeding  two  or  three  square  inches  in  a  satisfactory  manner. 
When  Rowland  took  up  the  problem,  he  saw,  as,  indeed,  others  had 
seen  before  him,  that  the  dominating  element  of  a  ruling  machine  was 
the  screw  by  means  of  which  the  plate  or  cutting  tool  was  moved  along. 
The  ruled  grating  would  rejieat  all  of  the  irregularites  of  this  screw 
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and  would  be  good  or  had  just  aa  these  were  few  or  many.  The  prob- 
lem was,  then,  to  make  a  screw  which  would  be  practically  free  from 
periodic  and  other  errors,  and  upon  this  problem  a  vast  amount  of 
thought  and  experiment  had  already  been  expended.  Rowland's  solu- 
tion of  it  was  characteristic  of  bis  genius;  there  were  no  easy  advances 
through  a  series  of  experiments  in  which  success  and  failure  mingled  in 
varying  proportions;  "fire  and  fall  bock"  was  an  order  which  be 
neither  gave  nor  obeyed,  captui-e  by  storm  being  more  to  bis  mind. 
He  was  by  nature  a  mechanician  of  the  highest  type,  and  he  was  not 
long  in  devising  a  method  for  removing  the  irregularities  of  a  screw, 
which  astonished  everybody  hy  its  simplicity  and  by  the  all  but  abso- 
lute perfection  of  its  results.  Indeed,  the  very  first  screw  mode  by 
this  process  ranks  to-day  as  the  most  perfect  in  the  world.  But  such 
an  engine  as  this  might  only  be  worked  up  to  its  highest  efficiency 
under  the  most  favorable  physical  conditions,  and  in  its  installation 
and  use  the  most  careful  attention  was  given  to  the  elimination  of 
errors  due  to  variation  of  temperature,  earth  tremors,  and  other  dis- 
turbances. Not  content,  however,  with  perfecting  the  machinery  by 
which  gratings  were  ruled,  Rowland  proceeded  to  improve  the  form 
of  the  grating  itself,  making  the  capital  discovery  of  the  concave  grat- 
ing, by  means  of  which  a  large  part  of  the  complex  and  otherwise 
troublesome  optical  accessories  to  the  diffraction  spectroscope  might 
be  dispensed  with.  Calling  to  hispid  the  wonderful  skill  of  Brashear 
in  making  and  polishing  plane  and  concave  surfaces,  as  well  as  the 
ingenuity  and  patience  of  Schneider,  for  so  many  years  his  intelligent 
and  loyal  assistant  at  the  lathe  and  workbench,  he  began  the  manufac- 
ture and  distribution,  all  too  slowly  for  the  anxious  demands  of  the 
scientific  world,  of  those  beautifully  simple  instruments  of  precision 
which  have  contributed  so  much  to  the  advance  of  physical  science 
during  the  past  twenty  years.  While  willing  and  anxious  to  give  the 
widest  possible  distribution  to  these  gratings,  thus  giving  everywhere 
a  new  impetus  to  optical  research,  Rowland  meant  that  the  principal 
spoils  of  the  victory  should  be  his,  and  to  this  end  he  constructed  a 
diffraction  spectrometer  of  extraordinary  dimensions  and  began  his 
classical  i-esearches  on  the  solar  spectrum.  Finding  photography  to 
be  the  best  means  of  reproducing  the  delicate  spectral  Hues  shown  by 
the  concave  grating,  he  ))ecame  at  once  an  ardent  student  and,  shortly, 
a  master  of  that  art.  The  ouU-ome  of  this  was  that  wonderful  "Pho- 
tograhic  Map  of  the  Normal  Solar  Spectinim,"  prepared  by  the  us©  of 
concave  gratings  6  inches  in  diameter  and  21^  feet  radius,  which  is 
recognized  as  a  standard  everywhere  in  the  world.  As  a  natural  sup- 
plement to  this  he  directed  an  elaborate  investigation  of  absolute  wave- 
lengths, undertaking  to  give,  finally,  the  wave-length  of  not  only  every 
line  of  the  solar  spectrum,  but  also  of  the  bright  lines  of  the  principal 
elements,  and  a  large  part  of  this  monumental  task  is  already  com- 
pleted, mostly  by  Rowland's  pupils  and  in  his  laboratory. 
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Timi!  will  not  allow  further  escpositioiis  of  the  important  conse- 
quencen  of  bis  invention  of  the  ruling  engine  and  the  concave  grating. 

Indeed,  the  limitations  to  which  I  must  submit  compel  the  omission 
of  even  brief  mention  of  many  interesting  and  valuable  investigations 
relating  to  other  Rubjects  begun  and  finished  during  these  years  of 
activity  in  optical  research,  many  of  them  by  Rowland  himself  and 
many  of  them  by  bis  pupils,  working  out  his  suggestions  and  con- 
stantly stimulated  by  his  enthusiasm.  A  list  of  titles  of  papers 
emanating  from  the  physical  laboratory  of  the  Johns  Hopkins 
University  during  this  peried  would  show  somewhat  of  the  great 
intellectual  fertility  which  its  director  inspired,  and  would  show, 
especially,  his  continued  interest  in  magnetism  and  electricity,  leading 
to  his  important  investigations  relating  to  electric  units  and  to  his 
appointment  as  one  of  the  United  States  delegates  at  important  inter- 
national conventions  for  the  better  determination  and  definition  of 
these  units.  In  1883  a  committee  appointed  by  the  Electrical  Congress 
of  1881,  of  which  Rowland  was  a  member,  adopted  106  centimeters  as 
the  length  of  the  mercury  column  equivalent  to  the  absolute  ohm,  but 
this  was  done  against  his  protest,  for  his  own  measurements  showed 
that  this  was  too  small  by  about  three-tenths  of  1  per  cent.  His 
judgment  was  confirmed  by  the  chamber  of  delegates  of  the  Interna- 
tional Congress  of  1893,  of  which  Rowland  was  himself  president, 
and  by  which  definitive  values  were  given  to  a  system  of  international 
units. 

Rowland's  interest  in  applied  science  can  not  be  passed  over,  for  it 
was  constantly  showing  itself,  often,  perhaps,  unbidden,  an  uncon- 
scious bursting  forth  of  that  strong  engineering  instinct  which  was 
born  in  bim,  to  which  he  often  referr^  in  familiar  discourse,  and 
which  would  unquestionably  have  brought  him  great  success  and  dis- 
tinction had  he  allowed  it  to  direct  the  course  of  his  life.  Although 
everywhere  looked  upon  as  one  of  the  foremost  exponents  of  pure 
science,  his  ability  as  an  engineer  received  frequent  recognition  in  bis 
appointment  as  expert  and  counsel  in  some  of  the  most  important 
engineering  operations  in  the  latter  part  of  the  century.  He  was  an 
inventor,  and  might  easily  have  taken  first  rank  as  such  had  he  chosen 
to  devote  himself  to  that  sort  of  work.  During  the  last  few  years  of 
bis  life  he  was  much  occupied  with  the  study  of  alternating  electric 
currents  and  their  application  to  a  system  of  rapid  telegraphy  of  his 
own  invention.  A  year  ago  his  system  received  the  award  of  a  grand 
prix  at  the  Paris  Exposition,  and  only  a  few  weeks  after  his  death  the 
daily  papers  published  cablegrams  from  Berlin  announcing  its  com- 
plete success  as  tested  between  Berlin  and  Hamburg,  and  also  the 
intention  of  the  German  postal  department  to  make  extensive  use 
of  it. 

But  behind  Rowland,  the  profound  scholar  and  original  investigator, 
the  engineer,  mechanician,  and  inventor,  was  Rowland  the  man,  and  any 
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estimate  of  his  influence  in  pTOmotlng  th«  interests  of  physical  scienre 
during  the  last  quarter  of  the  nineteenth  century  would  be  quite  inade- 
quate if  not  made  from  that  point  of  view.  Born  at  Honesdale,  Penn- 
sylvania, on  November  27,  1848,  he  had  the  misfortune,  at  the  age  of 
11  years,  to  lose  his  father  by  death.  This  loss  was  made  good,  as  far 
as  it  is  possible  to  do  so,  by  the  loving  care  of  mother  and  sisters  dur- 
ing the  years  of  his  boyhood  and  youthful  manhood.  From  his  father 
he  inherited  his  love  for  scientitic  study,  which  from  the  very  first 
seems  to  have  dominated  all  of  his  aspirations,  directing  and  controll- 
ing most  of  his  thoughts.  His  father,  grandfather,  and  great-grand- 
father were  all  clei^ymen  and  gi-aduates  of  Yale  College.  His  father, 
who  is  described  as  one  "interested  in  chemistry  and  natural  philoso- 
phy, a  lover  of  nature  and  a  successful  trout  fisherman,"  had  felt,  in 
his  early  3'outh,  some  of  the  desires  and  ambitions  that  afterwards 
determined  the  career  of  his  distinguished  son,  but  yielding,  no  doubt, 
to  the  influence  of  family  tradition  and  desire,  he  followed  the  lead  of 
bis  ancestors.  It  is  not  unlikely,  and  it  would  not  have  been  unrea- 
sonable, that  similar  hopes  were  entertained  in  regard  to  the  future  of 
young  Heniy,  and  his  preparatory  school  work  was  arranged  with  this 
in  view.  Before  being  sent  away  from  home,  however,  he  had  quite 
given  himself  up  to  chemical  experiments,  glass  blowing,  and  other 
similar  occupations,  and  the  members  of  his  family  were  often  sum- 
moned by  the  enthusiastic  boy  to  listen  to  lectures  which  were  fully 
illustrated  by  experiments,  not  alwa}'s  free  from  prospective  danger. 
His  spare  change  was  invested  in  copper  wire  and  the  like,  and  his 
first  five-dollar  bill  brought  him,  to  his  infinite  delight,  a  small  gal- 
vanic battery.  The  sheets  of  the  New  York  Obsei-ver,  a  treasured 
family  newspaper,  he  converted  into  a  huge  hot-air  balloon,  which,  to 
the  astonishment  of  his  family  and  friends,  made  a  brilliant  ascent  and 
flight,  coming  to  rest,  at  last,  and  in  flames,  on  the  roof  of  a  neighbor- 
ing house,  and  resulting  in  the  calling  out  of  the  entire  fire  depart- 
ment of  the  town.  When  urged  by  his  boy  friends  to  hide  himself 
from  the  rather  threatening  conse<iuences  of  his  first  experiment  in 
aeronautics,  he  courageously  marched  himself  to  the  plaite  where  his 
balloon  had  fallen,  saying,  "  No,  1  will  go  and  see  what  damage  I  have 
done."  When  a  little  more  than  16  years  old,  in  the  spring  of  1865, 
he  was  sent  to  Phillips  Academy  at  Andover  to  be  fitted  for  entering 
the  academic  course  at  Yale.  His  time  there  was  given  entirely  to  the 
study  of  Latin  and  Greek,  and  he  was  in  every  way  out  of  haimony 
with  his  environment.  He  seems  to  have  quickly  and  thoroughly 
appi'cciated  this  fact,  and  his  very  first  letter  from  Andover  is  a  cry 
for  i-elief.  "Oh,  take  me  home,"  is  the  boyish  scrawl  covering  the 
last  page  of  that  letter,  on  another  of  which  he  says,  "It  is  simply 
horrible;  I  can  never  get  on  here."  It  was  not  that  he  could  not  learn 
Latin  and  Greek  if  he  was  so  minded,  but  that  he  had  long  ago  become 
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wholly  absorbed  in  the  love  of  nature  and  in  the  study  of  nature's 
laws,  and  the  whole  situation  was  to  his  ambitious  spirit  most  artificial 
and  irksome.  Time  did  not  soften  his  feelings  or  lessen  his  desire  to 
escape  from  such  uncongenial  surroundings,  and,  at  his  own  request, 
Dr.  Farrand,  principal  of  the  Academy  at  Newark,  New  .Jersey,  to 
which  city  the  family  had  recently  moved,  was  consulted  as  to  what 
ought  to  be  done.  Fortunately  for  every ^Kxly,  his  advice  was  that  the 
boy  ought  to  be  allowed  to  follow  his  bent,  and,  at  his  own  suggestion, 
he  was  sent,  in  the  autumn  of  that  year,  to  the  Rensselaer  Polytechnic 
Institute  at  Troy,  where  he  remained  live  years,  and  from  which  he 
was  graduated  as  a  civil  engineer  in  1870. 

It  is  unnecessary  to  say  that  this  change  was  joyfully  wel<x>med  by 
young  Rowland.  At  Andover  the  only  opportunity  that  had  offered 
for  the  exercise  of  his  skill  an  a  mechanic  was  in  the  construction  of  a 
somewhat  complicated  device  by  means  of  which  he  outwitted  some  of 
his  schoolmates  in  an  earl}'  attempt  lo  haze  him,  and  in  this  he  took  no 
little  pride.  At  Troy  he  gave  loose  rein  to  his  ardent  desires,  and  bis 
career  in  science  may  almost  l>e  said  to  begin  with  his  entrance  upon 
his  work  there  and  before  be  was  17  year.,  old. 

He  made  immediate  use  of  the  opportunities  afforded  in  Troy  and  its 
neighborhood  for  the  examination  of  machinery  and  manufacturing 
processes,  and  one  of  his  earliest  letters  to  his  friends  contained  a  clear 
and  detailed  description  of  the  operation  of  making  railroad  iron,  the 
rolls,  shears,  saws,  and  other  special  machines  being  represented  in 
uncommonly  well-executed  pen  di-awings.  One  can  easily  see  in  this 
letter  a  full  confirmation  of  a  statement  that  he  occasionally  made 
later  in  life,  namely,  that  he  had  never  seen  a  machine,  however  com- 
plicated it  might  be,  whose  working  he  could  not  at  once  comprehend. 
In  another  letter,  written  within  a  few  weeks  of  hia  arrival  in  Troy, 
he  shows  in  a  remarkable  way  his  power  of  going  to  the  root  of  things, 
which  even  at  that  early  age  was  suflSciently  in  evidence  to  mark  him 
for  future  distinction  as  a  natural  philosopher.  On  the  river  he  saw 
two  boats,  equipped  with  steam  pumps,  engaged  in  trying  to  raise  a 
half-sunken  canal  boat  by  pumping  the  water  out  of  it.  He  described 
engines,  pumps,  etc.,  in  much  detail,  and  adds,  ^'But  there  was  one 
thing  that  I  did  not  like  about  it;  they  had  the  end  of  their  discharge 
pipe  about  10  feet  above  the  water,  so  that  they  had  to  overcome  a 
pressure  of  about  5  pounds  to  the  square  inch  to  raise  the  water  so 
high,  and  yet  they  let  it  go  after  they  got  it  there,  whereas  if  they 
had  attached  a  pipe  to  the  end  of  the  discharge  pipe  and  let  it  hang 
down  into  the  water,  the  pressure  of  water  on  that  pipe  would  just 
have  balanced  the  5  pounds  to  the  square  inch  in  the  other,  so  that  they 
could  have  used  lai^er  pumps  with  the  same  engines  and  thus  have 
got  more  water  out  in  a  given  time." 

The  facilities  for  learning  physics,  in  hia  day,  at  the  Beaasehter  Foly 


,Cah>^Ic 


750  COMMEMORATION   OF   PROK.   HENRY    A.   ROWLAND. 

technic  Institute  were  none  of  the  be^t,  a  fact  which  ]»  made  the  sub- 
ject of  keen  criticism  in  hia  home  correspondence,  but  he  made  the 
most  of  whatever  was  available  and  created  opportunity  where  it  was 
lacking.  The  use  of  a  turning  lathe  and  a  few  tools  being  allowed,  he 
spent  all  of  his  leisure  in  designing  and  constructing  physical  appa- 
ratus of  various  kinds,  with  which  he  experimented  continually.  All 
of  his  spare  money  goes  into  this  and  he  is  always  wishing  he  had  more. 
'  While  he  pays  without  grumbling  his  share  of  the  expense  of  a  i-lass 
supper,  he  can  not  help  declaring  that  "it  is  an  awful  price  for  one 
night's  pleasure;  why,  it  would  buy  another  galvanic  battery,"  Dur- 
ing these  early  years  his  pastime  was  the  study  of  magnetism  and  elec- 
tricity, and  his  lack  of  money  for  the  purchase  of  insulated  wire  for 
electro-magnetic  apparatus  led  him  to  the  invention  of  a  method  of 
winding  naked  copper  wire,  which  was  later  patented  by  some  one 
else  and  made  much  of.  Within  six  months  of  his  entering  the  insti- 
tute he  had  made  a  delicate  balance,  a  galvanometer,  and  an  electrom- 
eter, besides  a  small  induction  coil  and  several  minor  pieces.  A  few 
weeks  later  he  announces  the  finishing  of  a  Ruhmkorff  coil  of  consid- 
erable power,  a  source  of  much  delight  to  him  and  to  his  friends.  In 
December,  1866,  he  began  the  construction  of  a  small  but  elaborately 
designed  steam  engine  which  ran  perfectly  when  completed  and  fur- 
nished power  for  hie  experiments.  A  year  later  he  if  full  of  enthusi- 
asm over  an  investigation  which  he  wishes  to  undertake  to  explain  the 
production  of  electricity  when  water  comes  in  contact  with  red-hot 
iron,  which  he  attributes  to  the  decomposition  of  a  part  of  the  water. 
Along  with  all  of  this  and  much  more  he  maintains  a  good  standing  in 
his  regular  work  in  the  institute,  in  some  of  which  he  is  naturally  the 
leader.  He  occasionally  writes:  '*  I  am  head  of  my  class  in  mathemat- 
ics;" or"IIead  the  class  in  natural  philosophy;"  but  official  records 
show  that  he  was  now  and  then  "conditioned"  in  8ubje<-ts  in  which  he 
had  no  special  interest.  As  early  as  1868,  before  his  20th  birthday, 
he  decided  that  he  must  devote  his  life  to  science.  While  not  doubt- 
ing his  ability  "to  make  an  excellent  engineer,"  as  he  declares,  he 
decides  against  engineering,  saying:  "You  know  that  from  a  child 
I  have  been  extremely  fond  of  experiment;  this  liking  instead  of 
decreasing  has  gradually  grown  upon  me  until  it  has  become  -a  part  of 
my  nature,  and  it  would  he  folly  for  me  to  attempt  to  give  it  up;  and 
I  don't  see  any  reason  why  I  should  wish  it,  unless  it  be  avarice,  for  I 
never  expect  to  be  a  rich  man.  I  intend  to  devote  myself  hereafter 
to  science.  If  she  gives  me  wealth,  I  will  receive  it  as  coming  from  a 
friend;  but  if  not,  I  will  not  murmur." 

He  realized  that  his  opportunity  for  the  pursuit  of  science  was  in 
becoming  a  teacher;  but  no  opening  in  this  direction  presenting  itself, 
he  spent  the  first  year  after  graduation  in  the  fifld  as  a  civil  engineer^ 
This  was  followed  by  a  not  very  inspiring  experience  as  instructor  in 
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natural  science  in  a  Western  college,  where  he  acquired,  however, 
oxperiehce  and  useful  discipline. 

In  the  spring  of  18T2  he  returned  to  Troy  as  instructor  in  physics, 
on  a  salary  the  amount  of  which  he  made  conditional  on  the  purchase 
by  the  institute  of  a  certain  number  of  hundreds  of  dollars'  worth  of 
physical  apparatus.  If  they  failed  in  thi»,  as  afterwards  happened, 
his  pay  was  to  be  greater,  ^nd  he  strictly  held  them  to  the  contract. 
His  three  years  at  Troy  as  instructor  and  a^istant  professor  were 
busy,  fruitful  years.  In  addition  to  his  regular  work  he  did  an  enor- 
mous amount  of  study,  purchasing  for  that  purpose  the  most  recent 
and  moat  advanced  books  on  mathematics  and  physics.  He  built  his 
electro-dynamometer  and  carried  out  his  first  great  research.  As 
already  stated,  this  quickly  brought  him  reputation  in  Europe  and 
what  he  prized  quite  as  highly,  the  personal  friendship  of  Maxwell, 
whose  ardent  admirer  and  champion  he  remained  to  the  end  of  his  life. 
In  April,  1875,  he  wrote:  "It  will  not  be  very  long  before  my  reputa- 
tion reaches  this  country;"  and  he  hoped  that  this  would  bring  him 
opportunity  to  devote  more  of  his  time  and  energy  to  original  research. 

This  opportunity  for  which  he  so  much  longed  was  nearer  at  band 
than  he  imagined.  Among  the  members  of  the  visiting  board  at  the 
West  Point  Military  Academy  in  June,  1875,  was  one  to  whom  bad 
come  the  splendid  conception  of  what  was  to  be  at  once  a  revelation 
and  a  revolution  in  methods  of  higher  education.  In  selecting  the 
first  faculty  for  an  institution  of  learning  which  within  a  single  dec- 
ade was  to  set  the  pace  for  real  university  work  in  America,  and 
whose  influence  was  to  be  felt  in  every  school  and  college  of  the  land 
before  the  end  of  the  first  quarter  of  a  century,  Dr.  Gilman  was  guided 
by  an  instinct  which  more  than  all  else  insured  the  success  of  the  new 
enterprise.  A  few  words  about  Rowland  from  Professor  Michie,  of 
the  Military  Academy,  led  to  his  being  called  to  West  Point  by  tele- 
graph, and  on  the  banks  of  the  Hudson  these  two  walked  and  talked, 
"  he  telling  me,"  Dr.  Gilman  has  said,  "  bis  dreams  for  science  and  I 
telling  him  my  dreams  for  higher  education."  Rowland,  with  char- 
acteristic frankness,  writes  of  this  interview;  "Professor  Gilman  was 
very  much  pleased  with  me;"  which,  indeed,  was  the  simple  truth. 
The  engagement  was  quickly  made.  Rowland  was  sent  to  Europe  to 
study  laboratories  and  purchase  apparatus,  and  the  rest  is  history 
already  told  and  everywhere  known. 

Rowland's  personality  was  in  many  respects  remarkable.  Tall, 
erect,  and  lithe  in  figure,  fond  of  athletic  spwrts.  there  was  upon  his 
face  a  certain  look  of  severity  which  was,  in  a  way,  an  index  of  the 
exacting  standard  he  set  for  himself  and  others.  It  did  not  conceal, 
however,  what  was,  after  all,  his  most  striking  characteristic,  namely, 
k  perfectly  frank,  open,  and  simple  straightforwardness  in  thought,  in 
speech,  and  in  action.    His  love  of  truth  held  him  in  suprame  control, 
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and,  like  Galileo,  he  had  no  patience  with  those  who  try  to  make  things 
appear  otherwise  than  as  ther  actually  are.  His  criticisma-  of  the 
work  of  others  were  keen  and  merciless,  and  sometimes  there  remained 
a  stinff  of  which  he  himself  had  not  the  slightest  suspicion.  "  I  would 
not  have  done  it  for  the  world,"  he  once  said  to  me  after  being  told 
that  his  pitiless  criticism  of  a  scientidc  paper  had  wounded  the  feelings 
of  its  author.  As  a  matter  of  fact,  he  was  warm-hearted  and  generous, 
and  his  occasionally  seeming  otherwise  was  due  to  the  complete  separa- 
tion, in  his  own  mind,  of  the  product  and  the  personality  of  the  author. 
He  possessed  tliat  rare  power,  habit  in  his  case,  of  seeing  himself,  not 
as  others  see  him,  but  as  he  saw  others.  He  looked  at  himself  and 
his  own  work  exactly  as  if  he  had  been  another  person,  and  thi^  gave 
rise  to  a  frankness  of  expression  regarding  his  own  performance 
which  sometimes  impressed  strangers  unpleasantly,  but  which,  to  his 
friends,  was  one  of  his  moat  charming  qualities.  Much  of  his  success 
as  an  investigator  was  due  to  a  firm  confidence  in  his  own  powers,  and 
in  the  unerring  course  of  the  logic  of  science  which  inspired  him  to 
cling  tenaciously  to  an  idea  when  once  he  had  given  it  a  place  in  hia 
mind.  At  a  meeting  of  the  National  Academy  of  Sciences  in  the 
eariy  days  of  our  knowledge  of  electric  generators  he  I'ead  a  paper 
relating  to  the  fundamental  principles  of  the  dynamo.  A  geatlcman 
who  had  had  large  experience  with  the  practical  working  of  dynamos 
listened  to  the  paper,  and  at  the  end  said  to  the  academy  that  unfor- 
tunately practice  directly  contradicted  Professor  Rowland's  theory,  to 
which  instantly  replied  Rowland,  "So  much  the  woree  for  the  prac- 
tice," which,  indeed,  turned  out  to  be  the  case. 

Like  all  men  of  real  genius,  he  had  phenomenal  capacity  for  con- 
centi-ation  of  thought  and  effort.  Of  this,  one  who  was  long  and 
intimately  itssociated  with  him  remarks,  ''  1  can  remember  cases  wbea 
he  appeared  as  if  dru^ed  from  mere  inability  to  recall  bis  mind  from 
the  pursuit  of  all-absorbing  problems,  and  he  had  a  triumphant  joy  in 
intellectual  achievement  such  as  we  would  look  for  in  other  men  only 
from  the  gratifiaition  of  an  elemental  passion,"  So  completely  con- 
sumed was  he  by  fires  of  bis  own  kindling  that  he  often  failed  to  give 
due  attention  to  the  work  of  others,  and  some  of  his  public  utterances 
give  evidence  of  this  curious  neglect  of  the  historic  side  of  hia  subject. 

As  a  teacher  his  position  was  quite  unique.  Unfit  for  the  ordinary 
routine  work  of  the  class  room,  he  taught,  as  more  men  ought  to  teach, 
by  example  rather  than  by  precept.  Says  one  of  his  most  eminent 
pupils,  "Even  of  the  more  advanced  students  only  those  who  were 
able  to  brook  severe  and  searching  criticism  reaped  the  full  benefit 
of  being  under  him,  but  he  contributed  that  which,  in  a  university, 
is  attove  all  teaching  of  routine— the  spectacle  of  scientific  work 
thoroughly  done  and  the  example  of  a  lofty  ideal." 

Betuming  home  about  twenty  years  ago.  after  an  expatriation  ot 
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several  years,  and  wishing  to  put  myself  in  touch  with  the  development 
of  methods  of  instruction  in  physics,  and  especially  in  the  equipment 
of  physical  laboratones,  I  visited  Rowland  very  soon  after,  as  it  hap- 
pened, the  making  of  his  first  successful  negative  of  the  solar  spectrum. 
That  be  was  completely  absorbed  in  his  success  was  quite  evident,  but 
be  also  seemed  anxious  to  give  me  such  information  as  1  sought.  1 
questioned  him  as  to  the  number  of  men  who  were  to  work  in  his 
laboratory',  and,  although  the  college  year  bad  already  begun,  be  ap- 
peared to  be  unable  to  give  even  an  approximate  answer.  "And  what 
will  you  do  with  tbem?"  I  said.  "Do  with  themi"  he  replied,  rais- 
ing the  still  dripping  n^ative  so  as  to  get  a  better  light  through  its 
delicate  tracings, "'  Do  with  them !  I  shall  neglect  them."  The  whole 
situation  was  intensely  characteristic,  revealing  him  hh  one  to  whom 
the  work  of  a  drillmaster  was  impossible,  but  ready  to  lead  those  who 
would  be  led  and  could  follow.  To  be  neglected  by  Rowland  was 
often,  indeed,  more  stimulating  and  inspiring  than  the  closest  personal 
supervision  of  men  lacking  his  genius  and  magnetic  fervor. 

In  the  fullness  of  his  powers,  recognized  as  Americans  greatest 
physicist,  and  one  of  a  very  small  group  of  the  world's  most  eminent, 
he  died  on  April  16,  IWl,  from  a  disease  the  relentless  progress  of 
which  he  had  realized  for  several  years  and  opposed  with  a  splendid 
but  quiet  courage. 

It  was  Rowland's  good  fortune  to  receive  recognition  during  his  life 
in  the  bestowal  of  degrees  by  higher  institutions  of  learning;  in  elec- 
tion to  membership  in  nearly  all  scientific  sotueties  worthy  of  note  in 
Europe  and  America;  in  being  made  the  recipient  of  medals  of  honor 
awarded  by  these  societies,  and  in  the  generously  expressed  words  of 
his  dbtinguished  contemporaries.  It  will  be  many  years,  however, 
before  full  measure  I'an  be  bad  of  bis  influence  in  promoting  the  inter- 
est* of  physical  science,  for  with  his  own  brilliant  career,  sufficient  of 
itself  to  excite  our  profound  admiration,  must  be  considered  that  of  a 
host  of  other,  younger,  men  who  lighted  their  torches  at  his  flame 
and  wbo  will  reflect  honor  upon  him  whose  loss  they  now  mourn  by 
passing  on  something  of  his  unquenchable  enthusiasm,  something  of 
his  bigb  regard  for  pure  intellectuality,  something  of  his  love  of 
truth  and  his  sweetness  of  character  and  disposition. 
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